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This application is a gontinuatioSf U.S. Serial No. 07/774,016 filed on October 9, 1991%hich 

.... 

.s a ~"tinuat.onHn- P arta P ^t|n^U.S. applicationl^erial ^0^94^63 ifiled August 16. 1989^1^^ 
07/594,768 filed October 9, 1990107/608,117 filed November 1, 199oT077594769 filed Ocfober 9 
1F 9 S 07/608.121 fi.ed November 11, igBo^^TT&October 9, 199^^^^: . 
,October9, 19^ 07/594.874 fi.ed October 9. WtilSSSS S L October9. iggfefeir^ 
filed February 15, 199^The entire disclosures of these applications are hereby incorporated by 
reference for all purposes - p ot*> ^^WoW 

BACKGROUND OF THE IMVFNTIQM, 

Field of the Invention 

This invention relates to a device or apparatus for manipulating matter within a confined or 
inaccessible space, especially during surgery in a living body. 
Description o f the Prior Art 

Matter may be manipulated in such circumstances in various ways, for example by application 
of a ligature, by suturing, by cutting with a knife or scissor action, or by capture and retrieval in devices 
such as screens, baskets, barriers, pouches, or retractors. Such manipulation may be difficult when 
operating in the confined space of a very deep wound or through a small arthroscopic or other 
endoscopic incision or body aperture. 

Many forms of apparatus for performing surgical operations have been proposed previously 
using flexible steel wires which spring apart when extended from th© distal end of a tube and which 
can be brought together again on withdrawal back into th© tub®. Examples of such known devices 
may be seen in U.S. Patents 2114695, 2137710, 2670519, 3404677, 4174715. 4190042. 4222380, 
4249533, 4347846, 4655219. 4691705, 4741335, 4768505 and 4809789. However, th®s® devices 
may not be completely satisfactory for various reasons, especially after repeated us© or long storage 
which may fafjgu® th© materials used. 

Attempts have been mad© to use shape memory metals in surgical apparatus, but these 
suffer from inconvenience and from th© risk of damage to living tissues resulting from th© need either 
to cool th© memory metal whil© positioning it in th© body so that body heat thereafter actuates the 
shape memory effect, or to heat th© metal above body temperature to actuate it after positioning. 
Examples of such attempts are described in U.S. Patents 4509517, 3888956 and 4425908. 
Summary Of the Invention 

The present invention uses pseudoelastjc materials, preferably pseudoelastic snaps memory 
alloys, which bend pseudoelastjcally to perform manipulations which may b© difficult or impossible to 
achieve reliably with previously known devices. Pseudoelastic alloys have previously been described 
for non-manipulative devices such as lesion marker probes, bone anchors, heart valves, intrauterine 
devices, dental arch wire, coil stents and filters, as described in U.S. Patents 4665908 (Jervis), 
4616656 (Nicholson), 4898156 (Gattuma). 4899743 (Nicholson), and 4946468 (Li). In one case. U.S. 
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Patent 4926880 (Stic©) describes a straight suturing needle made of such alloy which ensures the 
needle emerges straight after being inserted through a curved cannula. None of these known uses in 
any way suggests the present ingenious use of the power of pseudoelastic bending on extending a 
pseudoelastic manipulator means from a cannula to perform manipulations in difficult locations. 

The present invention accordingly provides a device or apparatus for.manipulating matter in a 
confined or inaccessible space, comprising ! 

(i) manipulator means at least partly constructed of on© or more bent or twisted elongate shape 
memory alloy members having pseudoelasticity at the intended manipulation temperature, and 

(ii) a hollow housing (preferably of elongate tubular form) or cannula capable of holding at least 
the shape memory alloy member(s) in a relatively straightened state, and 

(iii) actuating means for extending the shape memory alloy members) from th© housing to 
manipulate matter within the said space and for withdrawing the shap© memory alloy memb©r(s) into 
the housing, th© arrangement being such that the shape-memory alloy m©mb©r(s) bend(s) ortwist(s) 
pseudoelastically in a lateral or helical sense to manipulate th© matter on extending from th© housing 
at the said manipulation temperature, and become(s) relatively straightened on withdrawal into the 
housing at the said temperature. 

Preferably th© invention provides such a devic© or apparatus which is of elongat© form for 
surgical manipulation of matter within a living body, and which has th© manipulator means at its distal 
end with th© shap© memory alloy members) having pseudoelasticity at th© temperature to bs 
encountered within that body, and wherein th© actuating m©ans is op©rabl© from th© proximal end of 
the device. 

Various forms of devic© or apparatus will now b© d©scrib©d ind©p©nd©nfly, it being 
understood that all mny b© inventiv© in themselves, although all ar© pr©f©rabfy within th© scop© of at 
least th© firnt (mora preferabty both) of th© two immediately pr©c©ding paragraphs. Non-surgical uses 
may be apprepjfeii© for som© forms. 

Any Glrotte material may b© used in som© of th© ©mbcdim©nt§ of this inv©ntten, but it is 
generally preferred to us© a ps©udo©lastic material. Many different materials exhibit pseudoelasticity 
and can b© used in any embodiment of this invention. It is preferred to us© a ps©ude©lastic shap© 
memory alloy. - 

The term "elastic material" is used herein to mean a material that has spring-like properties, 
that is, it is capable of being deformed by an applied stress and then springing back, or recovering, to 
or toward its original unstressed shape or configuration when the stress is removed. The elastic 
material is preferably highly elastic. The material can be polymeric or metallic, or a combination of 
both. The use of metals, such as shape memory alloys, is preferred. Shap© memory alloys that 
exhibit pseudoelasticity, in particular superelasticity, are especially preferred. The elastic materials 
herein exhibit greater than 1% elastic deformation, more generally greater than 2% elastic 
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deformation. Preferably, the elastic materials herein exhibit greater than 4% elastic deformation, more 
preferably greater than 6% elastic deformation. 

Preferably, the elastic member is at least partially formed from a pseudoelastic material, such 
as a shape memory alloy that exhibits pseudoelasticity. Shape memory alloys which exhibit 
superelasticity (also referred to in the literature as non-linear pseudoelasticity), are especially 
preferred. 

U.S. Patent No. 4,935,068 to Duerig, which is commonly assigned with the present application 
and incorporated herein by reference, teaches the fundamental principles of shap© memory alloys. 
Some alloys which are capable of transforming between martensitic and austenitic phases are able to 
exhibit a shape memory effect The transformation between phases may be caused by a change in 
temperature. For example, a shape memory alloy in th© martensitic phase will begin to transform to 
the austenitic phase when its temperature rises above A3 and the transformation will be complete 
when the temperature rises above Af. The forward transformation will begin when the temperature 
drops below M s and will be complete when the temperature drops below Mf. The temperatures M§, 
Mf, A S( and Af define the thermal transformation hysteresis loop of th© shape memory alloy. 

Under certain conditions, shape memory alloys exhibit pseudoelasticity, which does not rely 
on temperature change in order to accomplish shape chang©. A pseudoelastic alloy is capable 0? 
being elastically deformed far beyond the elastic limits of conventional metals. 

The property of pseudoelasticity of certain shape memory alloys, which preferably is used in 
the devices of this invention, is th© subject of a paper entitled "An Engineer's Perspective of 
Pseudoelastidty'', by T.W. Du©rig and R. Zadno, publish©d in Engineering Aspects of Shap© Memory 
Alloys, page 380, T.W. Duerig, K. M©lton f D. Stoeckel, and M. Vtfeiymsn, editor, Butteraorth 
Publishers, 1990 (proceedings of a conference entitled M Engin©©ring Aspects of Shap© Memory 
Alloys", held in Lansing, Michigan in August 1988). As discussed in tft© paper, th© disclosure of which 
is incorporated herein by reference, certain alloys are capabf© of exhibiting pseudoelasticity of two 
types. 

"Superetestte^ arises in appropriately treated alloys while they are in their austenitic phase 
at a temperature which is great©r than A§ and less than M^ (A§ is th© temperature at which, when a 

shape memojy ufey in its murtensitie phase is heated, th© transformation to th© aust©nitie phas© 
begins, and M^ is th© maximum temperature at which th© transformation to th© mait©nsitic phas© can 

be induced by th© application of stress). Superelasticity can b© achieved when th© alloy is annealed 
at a temperature which is less than th© temperature at which the alloy is fully reerystallized. 
Alternative methods of creating superelasticity in shap© memory alloys, such as solution treating and 
aging, or alloying, are also discussed in "An Engineer's Perspective of Pseudoelasticity", referenced 
above. An article may b© provided with a desired configuration by holding it in that configuration 
during annealing, or during solution treatment and aging. An article formed from an alloy which 
exhibits superelasticity can be deformed substantially reversibly by 1 1% or more. In contrast, "linear 
pseudoelasticity", is believed not to b© accompanied by a phas© chang©. It is exhibited by shape 
memory alloys which have been cold worked or irradiated to stabilize the martensit©, but have not 
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been annealed in the manner discussed above. An article formed from an alloy which exhibits linear 
pseudoelasticity can be deformed substantially reversibly by 4% or more. The treatment of shape 
memory alloys to enhance their pseudoelastic properties is also discussed in above-mentioned U.S. 
Patent No. 4,935,068 to Duerig, incorporated herein by reference. 

While the alloy that is used in the devices of this invention may exhibit either linear 
pseudoelasticity or superelasticity (which is sometimes referred to as non-linear pseudoelasticity), or 
pseudoelasticity of an intermediate type, it is generally preferred that it exhibit superelasticity because 
of the large amount of deformation that is available without the onset of plasticity. U.S. Patent No. 
4,665,906 to Jervis, which is commonly assigned with the present application and is incorporated 
herein by reference, teaches the use of pseudoelastic shape memory alloys in medical devices. 

The pseudoelastic material will be selected according to the characteristics desired of the 
article. When a shape memory alloy is used, it is preferably a nickel titanium based alloy, which may 
include additional elements which might affect the yield strength that is available from the alloy or the 
temperature at which particular desired pseudoelastic characteristics are obtained. For example, the 
alloy may be a binary alloy consisting essentially of nickel and titanium, for ©xampte 50.8 atomic 
percent nickel and 49.2 atomic percent titanium, or it may include a quantity of a third element such as 
copper, cobalt, vanadium, chromium or iror;. Alloys consisting essentially of nickel, titanium and 
vanadium, such as disclosed in U.S. Patent No. 4,505,767, the disclosure of which is incorporated 
herein by reference, are preferred for some applications, particularty sine© they ran also exhibit 
superelastic properties at or around body temperatures, and because they am stiffer and/or ran store 
more elastic energy. Copper based alloys may also be used, for ©xamp!© alloys consisting essentially 
of copper, aluminum and nickel; copper, aluminum and zinc; and copper and zinc. 

An article exhibiting superelasticity can be substantially reversibfy defermed, by as much as 
eleven percent or more. For ©xumpl©, a 1 .00 meter length of superelastte wire may b© stretched to 
1.11 meters in length, whorein its alioy will undergo a phase chang© to. at te©§* a partially mom 
martensitic phas© known as stress-induced-martensite. Upon release of the stress, the wire will 
return substantia to ite 1.08 m@t@r length, and its alloy will, correspondingly, return at least 
substantial^ to^npd its more austenitic phas©. By way of contrast, a similar wire of spring steel or 
other convoflfefldl m©tnl may only be elastically stretched approximately on© percent, or to 1.01 meter 
in length. Any ftarthoir stretehin© of the conventional wire, if not resulting in actual breakag© of th© 
wire, will result in a non-elastic (plastic) transformation such that, upon relief of th© stress, th© wire will 

o 

not return to its original length. Linear pseudoelastic and superelastic materials may also be bent, 
twisted, and compressed, rather than stretched, to a far greater degre© than conventional metals. 

It is believed that the superelastic property is achieved by phase transformation within the 
alloy, rather than by the dislocation movements which occur during the plastic deformation of ordinary 
metals. A superelastic material may be deformed and released thousands of times, without being 
subject to breakage due to the metal fatigue which limits the number of deformation cycles which an 
ordinary metal may undergo without failure. 
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Shape memory alloys have a special feature which is beneficial for certain of the 
embodiments of this invention. As a superelastic shape memory alloy is increasingly deformed from 
its unconstrained shape, some of its austenitic phase changes into stress-induced-martensite. The 
stress/strain curve presents a plateau during this phase change. This means that while the alloy 
undergoes this phase change, it can deform greatly with only minimal increases in loading. Therefore, 
elements comprising superelastic shape memory alloys have a built-in safety feature. These 
elements can be designed (using appropriately treated alloys and appropriate dimensions) such that 
when they are loaded beyond a certain amount the elements will tend to deform with a concomitant 
austenite to stress-induced-martensite phase change, instead of merely presenting a greater 
resistance or force with limited deformation to the load, which is seen with conventional metals. 

Just as the stress strain curves of shape memory alloys present a plateau upon loading, they 
also present a plateau in the stress strain curve upon unloading. Unloading occurs when an element 
made of superelastic shape memory alloy is permitted to revert from a significantly deformed shape 
toward its original unstressed shape. Because of the plateau, such an element ran maintain an 
almost constant force during much of the unloading cycle until just before it is completely unloaded. 

One form of the present invention provides a surgical instrument which enables the passage 
of a ligature around a bone, blood vessel, or other such body member, or the grasping of such a body 
member, without requiring the surgical instrument to be swept over a wide angle of motion. The 
apparatus includes a cannula and, within the cannula, a member which is at least partiy constructed of 
an elastic material, preferably a pseudoelastic material and most preferably a pseudoelastic shape 
memory alloy, such as those disclose in U.S. Patent m. 4,665,903 to Jervis, dated May 19, 1987, 
and U.S. Patent No. 4,505,767 to Quin, dated March 19. 1985, which are preferred for all forms of this 
invention and which ©r© incorporated herein by reference. 

Although the following detailed description and the accompanying Figures illustrate the 
cannula as having a straight shape, and the elastic member as being held therein in a straightened 
configuration, it will be understood that the cannula may advantageously be formed with any desirabte 
shape, such no m are, and that the elastic member may take on any desirable shape upon extrusion 
from the efWJyJfcL 

Th© stecght CfinnulD and curved elastic members are used as examples, only, and should not 
be interpreted to limit tho seeps of this invention. It will also be understood that although the cannula is 
discussed as being feirfy rigid, it may be formed of a plastically defbrmabte material, which will allow 
the surgeon to shape the instrument to any required configuration. The instrument may also be 
flexible to be used within the working channel of a flexible endoscope, the lumen of a catheter or to 
function as a catheter itself. 

Furthermore the elastic member may be coated with a suitable material, such as a polymer. 

The elastic member has a distal end portion with a specific curved shape when not subject to 
mechanical stress. In a first embodiment, the elastic member is of sufficient strength and rigidity to 
enable a surgeon to grasp and manipulate a body structure, such as a bone, thereby. In the first 
embodiment, the elastic member includes a distal end structure which may be a pointed tip or a 
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stnjcture vs/hich serves to protect th© patienfs body and to prevent complete withdrawal of the elastic 
, member into th® cannula. As the elastic member is distally extended from the cannula, it curves 
around the body structure sufficiently for grasping and manipulating the body structure. 

In a second embodiment the elastic member may be of less substantial construction, and its 
distal end portion is adapted to retain a ligature. In order to pass the ligature around a blood vessel or 
bone, the surgeon need only place the distal end of the apparatus near the vessel or bone, and 
extend the elastic member from the cannula, without any required lateral angular motion of the 
cannula. The elastic member returns to its specific curved shape as it extends beyond the catheter, 
wrapping itself around the blood vessel or bone. The ligature may then be attached to the distal end of 
the elastic member, and the elastic member may be withdrawn into the cannula, to pull the ligature 
around the vessel or bone. By pre-attaching the ligature to the elastic member, the ligature may be 
passed around the vessel or bone upon extension rather than retraction of the elastic member. The 
apparatus may further include a means for automatically attaching the ligature to or unattaching the 
ligature from the elastic member. 

The elastic member, if made of pseudoslastic material, will not readily break during repeated 
use, since metal fatigue does not occur under pseudoelastic us® conditions. Th© instrument operates 
even though the cannula is not swept over any degree of motion. Th© instrument is of a simp!© design, 
and is of relatively low production cost 

BBIHF DESCRIPTION OF THE bIawim^ 

Figs. (Pi -1 -Illustrate a fimt embodiment of th© present invention. 

^S^-lfLfe a cross-sectional diagram, shewing th© elastic member disposed within th© 
cannula, in anSd© in which th© ©lactic m©mb©r has a distil ©nd structure 

Fig^^b)s a cross-sectional diagram, showing a mod© in which th© elastic member has a 
pointed distal ^P^iL 

Fig8<^2a^liustrat©8 mod©s of the elastic member, returning toward a curved shape and a 
corkscrew shupa \g&t\ ©xtyuseon from the cannula, respectively. 

Fig&t^3^illusirat© linear, lateral, and axial manipulation of a bong. 
^Zl£ Fig©.(£4-1 -1 frustrate a second embodiment of th© present invention. 

Fig j^=9 i a crass-sectional diagram, showing th© elastic member fully disposed within the 
cannula. ^~ 

Figs.(T^5a^how alternative modes of the ligature retain©?^- £f 
— * Fig^f?shows extension of the elastic member of Fig.^Salround a blood vessel. 

Figs.(£7a-Qllustrate a means for automatically grasping a ligatur© which is passed around a 
bloodvessel. ' ^ 



Figs.tL^Sjlllustrate an alternative mode of automaticalty grasping th© ligatur©. 
Fig^i-9jllustrates another alternative mode of automatically grasping the ligature. 
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^Figs-fl^lOa^illustrate how the apparatus may be used to pass the ligature and automatically 
tie a half-hitch kn ot the rein. 

^ Fig. (f-1 t^howfa^sliding sleeve which aids in tying the half-hitch knot 

Figs.d-1 2a gillustra te how the apparatus may be used to pass the ligature and automatically 
5 tie a logger's knot therein. 

Fig^f-1 |>hows a prior art apparatus, and illustrates the wide angle of access needed 
therefor. ^ 3^44^ 

Fi^2-1 to 2 1 §}illustrate the first embodiment of the present invention, which longitudinally 
extrudes an elastic^dle through the distal end of a cannula. 
10 Fig(|-1a]sTcross-sectional view, showing the elastic needle held inside the cannula in a 

straightened configuration under mechanical street 

Fig.(2-lg)sh6ws partial extrusion of the elastic needle from the cannula, with the extruded 
portion of the needle returning toward its curved configuration by elastic shape memory. 

Fig0-1<Dshows the needle fully extruded from the cannula, and released from the cannula 
15 insert — ^ 

Figs(l-2a-ejkhow alternative modes of the distal end portion of the cannula insert 

Fig.^j£)s a view of the distal end portion of the cannula insert showing a raised release 
signal tab formed therein. 

Fig(2-4^mustrates an integrally constructed mode of/die distal end portion of the first 
20 embodiment showing^the enlarged transverse dimension tjf the end portion of the cannula insert 

Fig!^4^ho^an alternative, non-integrai mod© of the distal end portion of the cannula 
insert formed of a compressible material. 

Figf2-5}s a view of the distal end portion of the cannula insert, showing an indented distal 
face therein. w q ^ 

25 Fig.^-^js a cross-sectional view of the proximal end portion of the first embodiment, showing 

a suture retentionjubbin within the cannula insert 

Figs.^7 to~2?§)illu3trate a second embodiment of the present invention, which extrudes the 
elastic needle laterally rather than longitudinally. 

Fig.^-7a5s a cross-sectional view showing a cannula, shaft, and plunger of the second 
30 embodiment jj^ 

Fig.[?-7Elis a cross-sectional view of an alternative mode of the proximal end portion of the 
second embodiment 

Fi 9 ^7o)s a cross-sectional view of another alternative mode of the proximal end "portion of 
the second erfioodimentj ^ 

35 Fig. £7<£jTan enlarged cutaway view of the proximal end portion of the alternative mode 

shown in Fig. 

Fig.^-7ejs a perspective view of the proximal end cap of the alternative mode shown ifvFig. 
.<2-7cJ ^ 
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Fig V (2-aJis a cross-sectional view of the distal end portion of the second embodiment, showing 
a suture retention bobbin therein. SLl^L M5 

Fig.l2-^isa cross-sectional view of the second embodiment taken at linet^iJof Fig.^-Za? 
showing grooves in the shaft and cannula, and groove engaging tabs in the plunger, for causing 
5 rotation of the shaft, 

Fig^-1£itis a cutaway perspective view of the distal end portion of the second embodiment 
showing the unwinding of the curved needle through the aperture. 

Fig. £-1 Illustrates the present invention being used to deliver the needle to a deep wound 
for suturing. 54 

10 tB illustrates the present invention being used in arthroscopic surgery on a knee. 

Ff<3 • 65 ^4(00^-12 to 2-1g]llustrate a third embodiment of the present invention, which is used to insert 
-ring clips into tissue to hold a wound closed. 

"Fig^12a)s a cutaway view of the third embodiment illustrating a ring clip held therein. 
^ < ^Fig^120illustrates extrusion of the ring clip. 
1 5 157 -^Tig^2-1 2jjillustrates an alternative mode of the third embodiment, adapted for use with an 
extended ring clip which is held therein. ta£>* SS" - b I 

(fig. 2-1 3a and 2-1 3b, and 2-1 3c and 2-1 3d/iHustrate a marker which indicates a first and a 
second direction of extrusion of the ring clip, respectively. 

^ "Fig^l^s a cross-sectional view of another alternative mode of the third embodiment 
20 adapted for serial extrusion of a plurality of ring clips held therein. 

^^FigSlSi illustrates yet another mode of the third embodiment with the plurality of ring clips 
held in a magazine. 

j^i ^Fig.^lSb^llustrates an internal piston return spring. . % %1 

^*^Fic^16^llustratw manipulation of the extended distal segment of the ring clip of Fig.£-12sJ 
25 6^.^Figt5r163illustrates the severing of the extended distal segment of Fig.(f-16aJ kf> 
Fr°\ s >G>7--^q ^^ 2 ' 1 illustrates various modes of a ring dip. 

-70 ^Hg^fjs aview <jf an unexpanded barrier device (not shown) within a housings 7* 

Figj^2 througn i-i7are progressive cross-sectional views through linec^-ajof Fig<3-1F^ TO 
showing the use of the device of Figftjj The figures show, respectively, Fig. &2i constrained; Fig. 
30 -tI? expanded ("^"^fy); Fig.^^pouched; and Fig^-^withdrawal confgurafions. 7 6 - 7S 
^/^©•^^Ishows alternate-embodiments of the device of Fig.(f-lSrough line^fif^ 



^ {C ) S ■ F, 9s. 1-7 and 3-8|how alternate embodiments of the barrier member in the expanded 

(memory) configuration. /2±Jj 



Fr^S-VI-'f^'^jg. 3-|Jhows cross-sectional embodiments through line§-3of Fig. $£T~ 




teps gtefta- ^aiwrt- »" * 

^0T^ s a side view of an unexpanded screen device within a duct placed downstream usca to 

°\ ^^Fi?^1 bjshows the screen device, the deployment end of which has been placed upstream 
from the blocking calculus. 
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Fig^lcjhows a screen device which has been expanded upstream from a blocking 
calculus. '31. 

v Fig .f£td)shows a screen device in place after calculus fragmentation, 

r I ^5^jp ^shows various stages of deployment of a tasseled surgical screen. 

5 Figs.(&3 through 4^how alternate embodiments of the surgical screen portion of a device 

of this invention. 2^ ^ 

■ s*F^- 

Fig.C5.-J/is a cross-sectional view of a constrained retractor device 

Figs.^2 Owu^S-^jshow alternate top views of expanded (unconstrained) retractor devices. 

Figs.1^7 mroiwh5-l3 show alternate side views of expanded retractor devices. 

1 0 Figs.^ l^ndjM 3ihow alternate end views of expanded retractor devices. 

\ 9^n J3Q> ^Figs!^4 and i-tUsho w alternate cross sectional views of constrained retractor devices, the 

cross section taken along line(a-a/of FigfS-J. ' -~i^L 

~ — n — - PK 
— ' Pig- fjyjis an external view of a device of this invention. 

\^^Oj>~~ Fl 9 8 ^2 an d ^Dare alternate cross-sectional views of a sheath of this invention, thecross 
15 sections being taken vertically along the longitudinal axis of Fig^lJ 1^3 

~~~~~ Figfei s an alternate cross-sectJonal view of a sheath of this invention, the cross section 
being taken vertically along the longitudinal axis. 
LB2.' Hg^ jj/is a cross-s ectional view of the device of Fig.Cfltaken across the longitudinal axis, 
along line^pjTf Fig. ^ . -^jSl 

20 l^i^Flgll^s a cross-sectional view of the device of Fig^fttaken acmss ^ ^^^3, ^ 

^ <^rw8-7J» a cross-sectional view of a cutting edge of a cutting blade of this invention. 

Figs J^B through 6-12ire alternate side views, of the device of Figure 1 when the cutting 
blade is deployed, ^^ir^ 
25 Figs^gl 3 through 6-20/are alternate top views of typical elastic blades of this invention. 

Liil_'^Rg^]shows an instrument of this invention. 
Fib^s- \t\i\-^ffi Ea- 7-jJ shCTwslhe je^ta yment end of a bladed instrument of this invention. 

Figs. ^3 and T^are longitudinal cross-sectional views of alternate elastically deployable 
stems, in longitudinaily constrained and longitudinally unconstrained configurations. 
30 Rgs^ trough 7-J ?each show alternate views of an elastically deformable stem of this 

invention. , ,-, c 

Figs. (Z.-8 and 7-9j6how alternate elastic members suitable for use in an elastically deformable 
stem of this invention^.,, s- 17 C -1 77 

<rHg. 7-1{Ps"hows alternate views of a device of this invention having two pivoted blades, each 
35 blade having a longitudinal slot proximal the pivot 

(f& 7^shows alternate views of a device of this invention having two blades, two bars, and 
four pivots. Ficp' m-lfrO ^ 

R^S_J£j^T|r® 7-liihows alternate cross-sections of the device of Fkjf(Q taken through linefe-^. 
wl-WI'^ W*- 7 -13&hows various blades suitable for use herein. 
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(Jig. 7-lHhows various blade cross-sections, taken through lin^lt^of FigiJ-uf 
^ -^Rg^13)shows the use of a prior art apparatus 700 for passing a ligature (not shown) around 
a particular blood vessel 703 which is situated among other blood vessels 704. In order to place the 
operative distal end 710 into a position 715 from which the end 710 is directly accessible, it is 
5 necessary to swing the entire apparatus 700 through a very wide angle of motion 720. This wide angle 
requires a very large entry wound 740 through the patient's tissues 730. It will be understood that such 
a wide angle of motion is impossible to achieve if the apparatus 700 is being used through an 
arthroscopic or other small endoscopic surgical entry wound 735 through the patient's tissues 730. 

As will be understood from the following description and from the accompanying drawings, the 
0 present invention is an apparatus usable through sucjh^small entry wound. 

In a first embodiment 100, shown in Figs.^-1-1^ the present invention includes a cannula 
10 and a member 12. Although the present invention may be practiced with a member 12 which is 
fashioned of another appropriate material, such as spring steel, th© preferred material is a 
pseudoelastic material, preferably a shape memory alloy and in particular a shape memory alloy that 
> exhibits superelasticity. The member 12 will hereinafter be referred to as a elastic member 12. and its 
distal segment 14 will be referred to as a elastic distal segment 14. In a preferred- embodiment the 
member is made of a superelastic shape memory alloy and th© elastic distal segment 14 has a first - 
shape when th© alloy of the elastic distal segment 14 is in a substantially auslenrSc phase and the 
distal segment 14 is extended distslly from th© cannula 10 and is not subject to mechanical stress. 
The elastic distal segment 14 may b© mechanically stressed into a second shape (i.e.. when the distal 
segment 14 is held within th© cannula 10), wherein at least a portion of th© alloy has changed to a 
stressHnducsd-martensit® phas©. 3 

~~""Figi^ia-Bhew th© ©testic^istal segment 14 elasticity deformed into a second, straight 
shap© within th© cannula 10. Rgfealshows on© mod© of th© first shap©, with th© elastic distal 
segment 14 returning toward an arc©d first shap© upon extrusion from th© cannula 10. Pig^^T — 
shows an alternative mod© of th© first shap©. wherein the elastic distal segment 14 returns toward a 
corkscrew ffrs« @hsp® upon extrusion from th© cannula. 

As stem in Rg^fTlfj? th© elastic mamte* 12 also includes a proximal segment 16 which is 
relatively strnty* to allow its easy insertion into th© proximal end of th© cannula 10. 

Th© distal and proximal segments may, suitably, b® integrally formed of a unitary wire or rod. 
or the proximal segment may b© formsd of a different material and coupled end-to^nd with a elastic 
distal segment If the segments 14 and 16 are formed of a unitary construction, the proximal segmsnt 
16 doss not preferably, hav© a curved shape when it is in an unstressed condition, unlike the elastic 
distal segment 14. Although th© member 12 is referred to herein as a elastic m©mb©r 12. it will be 
understood that, as explained, only the distal end segment 14 need be elastic. It will bs further 
understood that the distal end segment 14 as well as the proximal segment 16 may be formed of any 
suitable material, which may or may not be the same. 

The elastic member 12 may also include a distal end structure 18. as shown in 
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Fig.^f-ljJ Th© distal end structure 18 is a contact or grip means which improves th© grip of th© 
apparatus 100 upon an object The distal end structure 18 also prevents the complete withdrawal of 
the elastic member 12 through the cannula 10, to preserve the apparatus 100 as an integral unit. The 
smooth surface and shape of the distal end structure 18 serve as a safety means which helps to 
reduce tissue damage upon insertion of the apparatus 100 into a wound, or through tissue, or through 
an arthroscopic or other such endoscopic surgical entry wound. In the illustrated embodiment the 
distal end structure 18 is substantially semi-spherical, with a diameter roughly equal to that of th© 
cannula 10. This protects the patient's tissues from th© blunt distal ©nd of th© cannula 10, whil© also 
preventing complete withdrawal of the elastic member 12 from th© cannula 10. Th© distal end 
structure 18 may be either unitarily constructed with the elastic distal segment 14, or may b© formed 
of a different material and coupled thereto in any conventional manner. It is to b© understood that th© 
distal end structure 18 canjjave any blunted shape, and may ©v©n b© spherical or bullet shap©d. 

As shown in Fig^1-1JjJ the elastic member may hav© a pointed distal end structure 19, which, 
like the distal end structure 18 of Fig^^lal improves th© mechanical gripping of th© apparatus upon a 
bone or other object It may b© preferred that distal end structure 19 be integral with th© elastic 
membsf. 

Th© apparatus 100 may, suitably, b© further adapted with a handle structure for extending the- 
elastic member 12 through th© cannula. In on© mod©, th© handle sfrueture may include a thumb ring 
20 coupled to the proximal end of th© elastic member 12, and one or more finger ring© 22 coupled 
near th© proximal end of th© cannula 10. Th© surgeon inserts th© elastic member 12 through the 
cannula 10 by pressing on th© thumb ring 20 white holding th© finger ring© 22 stationary, and 
withdraws th© elastic member 12 into the cannula by pulling the thumb ring 20 in the opposite 
direction. Of cours©, other handl© devices are within th© scope of all of th© embodiments of this 
invention, such as a pistol grip, or a scissor-action apparatus, or th© like. Withdrawal of th© elastic 
member 12 may b© assistedby a sgring (not shown). 

As shown in Fk^1-2il wh©fl th© elastic member 12 is inserted through the cannula) 10 with 
motion 24, th© ©testte distil segment 14 emerges from th© distal ©nd of th© cannula 10. In a preferred 
embodiment in which super©lastie shape memory alloy is utilteed, the elastic distal segment 14 has its 
stressnnduesd^mariensite condition at least partially relieved of stress by the absence of any 
restraining cannula The alloy of th© elastic distal segment 14 undergoes at least a partial reversion 
toward th© austenitie phase, and th© elastic distal segment 14 returns toward its first shape with 
motion 26. 

It will b© understood that the curvatur© of th© elastic distal segment 14 need not necessarily 
be circular, nor coplanar with the axis of the cannula 10, within th© scope of this invention. For 
example, the distal segment 14 might be formed to curv© radially about th© axis of th© cannula upon 
extrusion therefrom, in a corkscrew fashion, as shown in F\q(£^ As will be understood, the elastic 
distal segment 14 may be formed to have any desired shape or arc or radius of curvature, to suit the 
apparatus for a given purpose. 
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As shown in Figs.ff-3a<)the apparatus 100 may be used to manipulate a ton© 3 or other 
structure in a patient or any other suitable object The specific body members which are discussed 
herein are listed solely to aid in the understanding of the invention, and do not affect the scope of the 
invention. 

It will be understood that the first embodiment 100 may be constructed in a variety of sizes 
and with an elastic member of a variety of lateral dimensions, cross-sectional configurations, and 
strengths, for suitable use in manipulating a wide variety of body members or other objects. For 
example, a very small apparatus with a very thin elastic member may be desirable in manipulating 
small or delicate body members such as individual nerves or terminal arteries. On the other hand, a 
large apparatus with a thick elastic member having great strength may be required in order to 
manipulate a larger body member such as a broken femur, or a bulky organ, or a prosthesis or other 
mechanical object Also the apparatus may be long and /or flexible, so that it can be used in the 
channel of an endoscope (rigid or flexible), in the lumen of a catheter, or as a catheter itself. 

The elastic distal segment 14 of the elastic member 12 may be inserted into or wrapped 
around the body structure 3, and the apparatus 100 may be moved, to manipulate the structure 3. 
Extension of the elastic member 12 into grasping connection with the body member 3 does not require 
any lateral movement of the apparatus 100, but only requires linear insertion of the elastic member 12 
through the cannula 10. This permits the apparatus 100 to be used in closely confined surgical sites, 
or through a very small surgical opening such as may typically be used to gain arthroscopic access to 
a knee joint, for example. 

By forming the elastic distal segment 14 to havo a non-stressed shape which curves in a 

-<r' r 

particular direction, the apparatus 100 ma;; be constructed for suitabte hooking of a body member 
which has a given orientation. With the curvature shown in Fig^^j the apparatus 100 may be suited 
for linear pulling or pushing of the body structure 3 in the direction 28 shown. With the curvature 
shown in Fig^3b) the apparatus 100 may be suited for lateral manipulation of tho body structure 3 in 
the direction 3Cas shown. As shown in Fig.^t^st if the elastic distal segment 14 curves in a 
corkscrew shap§ t the appsraius 100 may be readily used to push or pull the body structure 3 along 
the axis of tho body structure 3, in direction 32 as shown. 

The sppsratus 100 may be adapted with a marker 31 , as shown in Fig^3aj for indicating the 
direction and orientation in which the particular elastic member 12 will curve upon extrusion The 
marker 31 may be, for example, printed upon the cannula 10, or may be a raised or indented portion 
thereof. As it is desirable that the marker 31 not cause any trauma to an entry wound, a printed 
marker may be the preferred mode. It will be understood that the marker may be placed at any 
desired point along the length of the cannula. For example, a marker placed immediately adjacent to 
the distal tip of the apparatus will likely be visible to an arthroscopic surgeon through his or her 
arthroscopic viewing apparatus. On the other hand, or in addition, a marker placed near the proximal 
end of the apparatus will remain in plain sight during surgery, as it will remain outside the patient's 
body. The apparatus 100 may include any suitable means for ensuring that the elastic member 12 
curve in the indicated direction. For example, the distal segment 16 may be formed of a square cross- 
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section, with th© proximal end opening (not shown) of the cannula 10 being formed of a similar shape, 
such that the elastic member 12 cannot rotate within the cannula 10. Alternatively, the cannula 10 may 
have a peg (not shown) which engages a longitudinal slot (not shown) in the elastic member 12, or the 
elastic member 12 may have a peg (not shown) to engage a longitudinal slot (not shown) in cannula 
10. %^3o. 

Figs^4-1 d3 illustrate a second embodiment 200 of the present invention. In this « 
embodiment the elastic member 12 need not include a distal end structure, and may be fully 
withdrawn into the cannula 10. Although the second embodiment 200 is hereinafter described as 
being used for passing a ligature around a blood vessel, it will be understood that the ligature may be 
passed around any other body structure or other object, within the scope of this invention. If the non- 
defbrmed shape of the distal segment of the elastic member is substantially circular, this has th© 
important advantage that, during extension and withdrawal of th© elastic distal segment that portion of 
the elastic distal segment which is already extruded from the cannula and adjacent th© blood vessel 
will not apply any lateral or radial forces upon the blood vessel. It will, therefor©, be understood that it 
is advantageous to form differing modes of the second embodiment, wh©r©in each has an elastic 
member whose distal segment is of a given radius of curvatur© in its non-deformed first shape. This 
allows the surgeon to select an appropriately sized apparatus for passing a ligatur© around any size of 
blood vessel, and is within th© scope of this invention. It will b© understood that^same principle 
applies equally to the first embodiment described abov© with regard;*® Figa^l^tSJ Also th© 
apparatus may be long and/or flexibl©, so that it can b© used in th© channel of an endoscop© (rigid or 
flexible), in the lumen of a catheter, or as a catheter itself, f j ° 

The elastie distal segment 14 of Ffc$l-€js adapted with a ligatur© retainer means 34 which 
releasably retains th© ligatur© 3®. Figs.^a-j&how th© ligatur© retainer 34 as a hook and a hole, 
respectively. In either mod©, th© ligatur© retainer 34 may either b© cut into th© wir© of th© elastic distal 
segment 14, or may b© b©nt thereinto by plastically deforming th© wir© of th© ©lasfe distal segment 
14. Other suitable means may b© employed without departing from th© scop© of this invention. It will 
be understood tfiait th© ligatur© retainer 34 may be fashioned in any d©sir©d ori©ntation relative to the 
plane of curvutejff© of th© elastie distal segment 14. If th© hook mod© of th© ligatura retain©r 34 is used, 
in order to prevent th© hook 34 from catching on the inner lip 33 of th© distal op©nin@ of th© cannula 
10 upon withdrawal, th© lip 33 may b© rounded off, as shown in Fig^si) of 

The second embodiment 200, like the first may b© adapted with at least on© marker 31 for 
indicating a predetermined direction of curvature of the elastic member, and with suitabl© handles 20 
and 22 or other means for extending and retracting the elastic member. A spring may be used to 
assist retraction of th© elastic member 12. /j 

As shown in Fig.(T-67 u P° n extrusion from the cannula 10, th© elastic distal segment 14 
curves around the vessel 5 with motion 38. It will be understood that the elastic distal segment 14 
need not actually touch the vessel 5, but is shown in such contact for convenience. With the elastic 
member 12 wrapped around the blood vessel 5, the ligature (not shown) may b© inserted into the 
ligature retainer 34 using tweezers, forceps, or the like. Withdrawal of the elastic distal segment 14 
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into the cannula 10 dram the ligature around the blood vessel 5 with motion 40. As will b© 
understood, th© ligature may also be inserted into the ligature retainer 34 before the elastic distal 
segment 14 is passed around the blood vessel 2, in which instance the ligature is passed around the 
blood vessel 5 upon extension of the elastic member 12 around the blood vessel 5 with motion 38, if 
the ligature retainer 34 is appropriately formed. ,n 

The apparatus 200 may further be adapted with means for a<itomating the ligature's 
attachment to, or unattachment from the elastic member. Figs.^f-Ta^illustrate on© mode of this 
means. One end 35 of th© ligature 36 is coupled to th© cannula 10, for example by being tied or 
otherwise coupled to a post 44. Upon extension from the cannula 10, the elastic distal segment 14 
curves with motion 38 around the vessel 5, as shown in Fig^-^t? The elastic distal segment 14 is 
constructed such that its return toward the unconstrained first snipe brings the ligature retainer 34 
into grasping contact with the held portion 35 of the ligature 36, as shown in Fig^T^ ( a 

Upon retraction, the elastic member 12 draws th© ligature 36 around th© vess©l 5 with motion 

40 (th© reverse of motion 38), and th© ligature 36 slides through th© ligatur© retainer 34, as shown in 

Fi 9j£?j u P° n Ml retraction, shown in Fig^-J^J the ligature 36 will be doubled around th© vessel 5. 

If it is desired that only a single loop of ligatur§"36 pass around the vessel 5, this may b© 

accomplished by simply releasing the trailing end 37 of th© ligatur© 36, and withdrawing th© apparatus 

200 until th© trailing ©nd 37 passes around th© vessel 5, as shown in F\@SL-isI Alternatively, a 

12- 

doubled suture (not shown) can b© placed over th© past and held by the post such that only on© 
strand of the sutur© is hooked by ligatur© retain©r 34 iQ-vj, 32 , 23, Q7 , . and Q$r-3a 

Th© post 44 in ^©g^odim^g shown in F*gs^7 ( 1-9, 1-10, 1-11, and 1-12/ and th© loop 
grabber 42 shown in FigsTg^Qjand t -#§r© shown to b© rigidly attached to th© cannula 10. How©v©r f 
both post 44 and loop grabble 42 could consist of a tongu© (not shown) or a ram (not shown) to which 
sutures may b© attached. Such a tongue or cam would preferably b© biased flush with th© wall of th© 
cannula 10 initially, but would b© mechanically forced to extend in a direction sideways from th© 
cannula when th© elastic m^mbof 12 is extended from the end of th© cannula. In this fashion, a suture 
would b© h©td aguinsfc th© w©M of cannula 10 until the elastic member is extended, at whichtim© th© 
post and/or teop grabber would ©xt©nd sideways from th© wall of th© cannula 10 such that th© post 44 
will hold th© sySuirg in a better location for th© ligature retainer 34, and/or such that th© sutur© can b© 
attached to th© loop grubby 42. Upon withdrawal of elastic memb©r 12 th© tongu© or ram will 
preferably return to th©ir flush position. It is to be understood that th© configuration of a post or a loop 
grabber can b© a tongu©, cam or oth©r suitabl© structur©. 

In an alternative mod©, th© second embodiment 200 may b© fashioned such that th© ligature 
is passed around the vessel or bone upon extension, rather than retraction, of th© elastic member. 
Figs.£T8a5) illustrate one such mode of the apparatus 200. A loop 39 is formed in th© ligatur© 36, and 
the loop 39 is held in the ligature retainer 34, preferably facing in the direction in which th© elastic 
distal segment 14 will curv© upon extension from the cannula 10. 

The cannula 10 includes a proximal facing loop grabber 42, which may b© a hook. Upon 
extension, the elastic distal segment 14 curves around the vessel 5 and places th© loop 39 of ligature 
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36 over th© loop grabber 42. Upon retraction of the elastic member 12, the loop grabber 42 prevents 
the ligature retainer 34 from drawing the loop 39 back around the vessel 5. If the ligature retainer 34 
is a groove or hook, the loop 39 is simply withdrawn therefrom upon retraction of the elastic member 
12. If the ligature retainer 34 is a hole or eye, the ligature 36 slips therethrough upon retraction of the 
5 elastic member 12. Forceps can be used, instead of relying on the loop grabber 42, to grasp the 
ligature 36, if desired. In an alternative embodiment the ligature 36 may be placed into the ligature 
retainer 34 as a simple raised strand, to be passed around the vessel and grasped with forceps. 

Fig v C-8)llustrates an equivalent mode of the apparatus 200 which passes the ligature 36 
during extension of the elastic member 12. The loop grabber 42 may be elevated such that it has a 
10 segment 43 which extends both proximalward and cannulaward. The ligature retainer 34 may be 
formed as an eye, through which the ligature 36 is positioned. The cannula 10 may, suitably, be 
adapted with a post 44 to which the ligature 36 may be anchored. It will be understood that by forming 
the elastic distal segment 14 to have a curvature upon extension such that the eye 34 is brought into 
contact with the segment 43 of the loop grabber 42, and by extending the elastic member 12 until the 
1 5 eye 34 extends slightly past the segment 43, the ligature 36 will be forced over the segment 43 as 
shown. This and other alternative modes of the ligature catching means are within the scope of this 
invention. Alternatively, a doubled suture (not shown) can be placed over the post and held by the 
post such that only one strand of the suture is hooked by ligature retainer 34. 

In any of the modes, the ligature retainer may include two grooves or eyes on opposite ends 
20 of a Y-shaped distal end of the elastic member. In such a mode segment of the ligature may be 
held between the arms of th® Y for presentation to the cannula's hook. This may be advantageous if 
the loop of the ligature is too limp to be easily caught by the cannulas hook. If formed as a hole, the 
ligature retainer may include a narrowed, slot-like portion at its proximal end, into which the ligature 
may be wedged. The narrowed portion will provide a tight grip on th© loop of ligutur© during extension 
25 about the vessel, while the larger portion of the hole will enable the ligature to easily slip therethrough 
during retraction of the eiastte member. Thes©, and various other modifications may be made to the 
ligature retainer, within the seops of this inventto ^- qu -317 

As sfussm in Figs£klda2r fi@ second embodiment 200 may be used to create a knot in the 
ligature 38. A te®p 3© of the ligature 36 is placed around the cannula 10 in the following manner, as 
30 explained with reference to Fig^^j® An end 35 of the ligature 33 is held at some point toward th© 
proximal end (not shown) of th© cannula 10. The ligature 36 is passed by a first side (the liar side in 
Fig^lQi) of a post 44, then over the cannula 10 toward a second side (the near side in Fig.^lQi) 
of the cannula 10 at a point distafward from the post 44. From there, the ligature 36 is passed around 
the cannula 10 back to the first side, the around the post 44 proximal to loop 39 on th© second sid©. 
35 The trailing end 37 of the ligature 36 is then drawn toward the proximal end (not shown) of the 

apparatus 200 to draw the ligature 36 at least somewhat tight around the cannula 10 and post 44. Tho 
post 44 may include a protrusion 46 to keep the trailing end portion 37 of the ligature 36 elevated 
above the cannula 10, for ease of grasping the ligature 36. The cannula 10 may include an indented 
or grooved segment 48, to keep the loop 39 of ligature 36 in a given position about the cannula 10 
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As soon in Fig.^-10^, with th© apparatus 200 in position at th© v@ss©l 5, th© elastic member 
12 may be extended until the ligature retainer 34 engages the trailing end portion 37 of the ligature 36. 
Then, the trailing end portion 37 alone may be drawn around the vessel 5 as shown in Fig^-IQ^ ^ 

Finally, by sliding the loop 39 distally off of the cannula 10, with motion 50, until th© loop 39 passes 

5 completely over and around the ligature retainer 34, the trailing end 37 may be drawn through the loop 
39, to form a h alf-hitch knot as shown in Fig^-loS The knot may then be tightened, as needed. 

Fig^f-1 ^illustrates the addition of a sl^ng sleeve 52, which slides in and out of the cannula 
10. The sleeve 52 is disposed within the cannula 10, and the elastic member 12 is, in turn, disposed 
within the sleeve 52. Extension and retraction of the elastic member 12 may permit th© sleeve 52 to 
10 slide a short, restricted distance. The loop 39 of the ligatur© 36 may be placed over th© sliding sleeve 
52 rather than over the cannula 10 itself. Then, after the trailing end 37 has been pulled around the 
vessel as described above, the sleeve 52 may be slid into the cannula 10, to dislodg© th© loop 39. In 
the final stages of retracting the elastic member 12 back into the sliding sleev© 52, th© elastic member 
12 may engage the sliding sleeve 52 such that the sliding sleeve 52 is automatically withdrawn into 
15 the cannula 10 and automatically releases th© loop 39, if th© tolerane© between cannula 10 and sliding 
sleeve 52 is small and th© loop 39 cannot readily pass between sliding sleev© 52 and cannute 10. . If 
th© ligature retainer 34 is kept within th© sleeve 52 during th© sliding, th© loop 39 will not catch on th© 
ligature retainer 34. The sliding slo©v© 52 may b© biased toward its ©xt©nd©d position by a spring (not 
shown). S ^A-P7 2 3 

20 Alternatively, in Figs^l 0 and 1 -1j/ end 35 of ligatur© 36 rrtay b© fastened to post 44 

- "** Figs. jM2a-€Jillustrat© how th© apparatus 200, with or without th© sliding sleev©, may b© used 

to fonn a logger's knot around a vessel 5. Th© ligatur© 36 is loaded onto th© apparatus 200 o by simply 
passing a loop 39 of th© ligatur© 36 ov©r th© distal end of th© cannula 10, and by pteeing both ©nds 37 
arid 35 of th© ligatur© 38 ov©(r th© protrusion 46 on th© post 44. Th® ©testte member is ©xt©nded and 
25 retracted, to catch and r©tri©VQ both ©nds 35 and 37 of th© ligatur© 36, as d©seribsd ©bov®. Then, 

both ends 37 and 35 of th© ligatur© 36 ar© passed around th© vessel 5 and ar© drawn through the loop 
39. Other knots muy be tied using th© apparatus 200, within th© scop© of this inv©ntion. In all of th© 
embodiments described h©r©in, any suitabl© form of activating means may b© utilized, for exampl©, 
syringe-plunge mechanisms, slid©r mechanisms, scissor action mechanisms, pistol grip mechanisms 
30 or the like. 

Various other modifications may be mad© to the apparatus, including thos© suggested by the 
following description of a "Suturing Instrument 4 . 

Another form of th© present invention discloses an apparatus and method which, through the 
properties of elastic materials, preferably pseudoelastic materials, such as ps©udoelastie shape 
35 memory alloys, overcome the prior arfs disadvantages listed abov©. Th© apparatus is a delivery 
system for delivering, into a deep wound or into an arthroscopic, endoscopic, laparoscopic, or other 
such surgery site, a needle which is constructed of an elastic material, preferably a shape memory 
alloy. Although pseudoelasticity is exhibited in both linear and non-linear variations, th© present 
invention deals preferably with superelasticity, and further references to materials having this property 
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will simply b© designated as being "pseudoelastic" or having shape memory. It will b© understood, 
however, that the present invention may employ any appropriate elastic material, preferably shape 
memory alloy, whether linearly or non-linearly pseudoelastic. The term "needle" as used herein 
includes solid and hollow needles. 
5 In a first embodiment, the present invention discloses a deep needle delivery apparatus, 

including a longitudinally extending cannula which may be inserted through an arthroscopic or other 
such incision or into a deep wound or into a natural body orifice. Inside the cannula, the apparatus has 
a cannula insert member, whose distal end includes a means for grasping a needle. The needle is 
held entirely within the cannula, in a straightened configuration. 
1 0 Holding the needle within the cannula in a straightened configuration offers two advantages in 

reducing trauma to the patient's tissues: because no portion of the needle extends from the cannula 
during insertion of the cannula into the patient's body, the apparatus will not snag the tissues upon 
insertion, and because the apparatus has a minimized transverse dimension, only a small entry 
incision or site is required. The minimized transverse dimension may also permit the cannula to b© 
1 5 used in a channel of an endoscope (rigid or flexible), in the lumen of a catheter, or as a catheter Ksetf. 
The apparatus includes a minimum of moving parts and is, therefore, both less subject to 
failure and less expensive than prior needle delivery apparatuses. The apparatus' simplicity of design 
results in a unique simplicity of use, as well. 

In a second embodiment, the needle is extruded laterally rather than longitudinally, which may 
20 permit insertion of the needle into otherwise inaccessible portions of a patient's tissues. 

In a thir d embodiment, the apparatus inserts ring clips (solid or hollow) rather than a needle. 
?>3-3M Figs^l a to 2-1 cjllustrat© the first embodiment of th© present invention, a deep needte 

suturing apparatus 100. Th© apparatus 100 has a cannula 11 and a needl© delivery member which is 
a cannula insert 12. Although th© drawings and this description specificalfy show a cannula 1 1 and 
25 cannula insert 12 which ar© sfraight and which may b© assurmd to b© rigid, th© cannula 1 1 and 

cannula insert 12 mny b© curved, or may even be deformabl© to som© d©gns©, within th© scop© of this 
invention. For ©xnmpf©, thoy muy b© flexible and/or long enough for apparatus 100 to b© used within 
a channel of m ©ndoseop© (ftexibl© or rigid), in the lumen of a catheter, or as a catheter itself. 

Th© Canute insert 12 has an outer dimension which allows it to fit eoaxially within th© cannula 
30 1 1 and mov© longitudinally thengwithin. The cannula 1 1 has a proximal ©nd portion 1 1 p to which are 
affixed cannula handles 13 which, suitably, may be finger rings into which a surgeon may insert his 
index and middle* fingers. The cannula 11 has a bore 111 extending longitudinally therethrough. The 
bore 1 1 1 extends out the distal end portion 1 1 d of the cannula 1 1 , to allow a distal ©nd portion 1 2d of 
the cannula insert 12 to extend distally out of the cannula 11. A cannula insert handl© 14 is affixed to 
35 the proximal end portion 12p of the cannula insert 12. The handl© 14 may, suitably, be a thumb ring 
through which the surgeon may insert his thumb. By pressing on the thumb ring 14 and pulling on the 
finger rings 13, the surgeon may extend the cannula insert 12 through the cannula 11 with motion 201 
It will be understood that, within the scope of this invention, various other means may b© employed to 
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extend the cannula insert through the cannula. For example, the apparatus may include a pistol grip 
with a trigger tor extending the cannula insert or a scissor action mechanism, or the like. 

The distal end portion 12d of the cannula insert 12 grasps an elastic needle 10. In She 
preferred embodiment, the needle 10 is of a pseudoelastic shape memory alloy and has an arced 
shape while the needle's alloy is in a substantially austenitic phase, and the needle 10 may be 
stressed into a more straight shape in which the needle's alloy enters an at least partially more ^ 
martensitic phase. When the needle 10 is held entirely within the cannula 11, as shown in Fig^l^ 
the needle 10 is straightened and contains more stress-induced-martensit© phase. As the needle 10 is 
extruded from the distal end portion 1 1d of the cannula 1 1 , that portion of the needle 10 which extends 
beyond the cannula 1 1 returns toward its original shape by a martensitic-to-austenitic shape memory 
phase change caused by at least partial relief of the stress-induc©d-mart©nsit© in the needle's alloy. 

The cannula insert 12 includes a longitudinal bore 1 12, which may b© used to contain a suture 
9 attached to the needle 10. Suitably, the bore 1 12 may extend longitudinalfy entirely through the 
cannula insert 12, to permit an unlimited length of suture 9 to be pulled therethrough. Although in Figs. 
^1a-^he suture 9 is shown exiting through the proximal end of the cannula insert and lateralty out o? 
the thumb ring 14, the suture 9 may, within the scope of this invention, exit thQ apparatus in a variety 
of manners. For example, the suture may exit through a small aperture (not shown) in the sid© wall of 
the distal end portion of th© cannula insert, in which case bor© 1 12 would not huv© to extend further 
proximally and the proximal portion of cannula insert 12 woute! b© dim©nscoft©d such that th©r© would 
be room for th© suture within bor© 1 1 1 (i.e., th© proximal portion of cannula insert 12 could hav© a 
smaller transverse dimension than its distal portion, or it may indud© a longitudinal slot for th© sutur©). 
Alternatively, th© thumb ring may b© hollow, and th© sutur© may pass direcffly from th© interior of th© 
cannula insert into th© interior of th© thumb ring, and may sat through an ap©rtur© (not shown) at 
some point about th© thum& ring. 

The sutur© may to attached to th© needl© in a variety of ways. For ©xamp!©, th© proximal end 
of the needl© may indud© u hollos; orifie© which may b© crimpsd down upon an ©nd of th© sutur©. 
Alternatively, a ferrul© mny to usod to coupl© th© sutur© to th© ne©dl©. Or, a small w©dg©-shap©d 
groove may to usod to pinch th© sutur© into a slot in th© proximal ©nd of th© n©edla. If a mor© 
comptex n&rflEg ©ss©mbfy economically manufecturabl©, it may tefdwitegeous to form, into th© 
proximal end of th© no©dl© t a longitudinal slot or hoi© which may also communteit© with a transvers© 
slot into which a knotted or thick©n©d portion of th© sutur© may to positeon©d. Or, it muy simply suffice 
to glue th© sutur© onto th© needl©. 

Th© distal ©nd portion 12d of th© cannula insert 12 includes a m©an© for holding 13, which 
grips the needle 10, and which is connected to the bor© 1 12. As th© distal ©nd portion 12d is distally 
extended from th© cannula 1 1 with motion 201 , the means for holding 15 releases th© needl© 10, 
permitting th© surgeon to manipulate th© needle 10 within th© pati©nt, to form stitches or p©rform other 
procedures. However, if the needle 10 is only partially extended from th© cannula 11, th© means for 
holding 15 will not yet hav© released the needle 10, and the cannula insert 12 and needl© 10 may be 
retracted into the cannula with motion 202, to allow repositioning of the needl© 10 in th© patient 
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Figs.{£ 2a through 2^ illustrate various designs of the means for holding 1 5 formed in the 
distal end portion 12d of the cannula insert 12. The distal end portion 12d is divided by a slot 16 into a 
plurality of end sections 19. Each end section 19 includes a longitudinal groove 17, which runs 35 
substantially parallel to the axis of the cannula insert 12. In one mode, shown in Fig.^-^Jon© slot 16 
5 divides the cannula insert 12 into two end sections 19, each of which has a fiat surface into which the 
respective grooves 17 are formed. The enlargement in the slot 16, which is formed by the adjoining 
groves 17, constitutes the means for holding 15. In other modes, however, a plurality of slots ma^X ^"^ 
divide the distal end portion 12d into three or more end sections 19, as shown in Figs.^2b and 2-£3 
If there are three or more end sections 19, the grooves 17 lie at a centermost point of the wedge 
1 0 shaped end sections 1 9. It will be understood that the exact cross-sectional shape of the grooves 1 7 
is not critical, so long as the grooves 17 remain well adapted to grasp the needl© 10. It will be 
understood that the slot 16 may merely be a slit cut into the cannula insert 12, if th© material of th© 
cannula insert 12 reacts to the slit by flaring outward to allow later compression of th© distal end 
portion 12d. B^tncM ( 

1 5 With reference to Figs.\£l c and 2-4^ it will be understood how the means for holding 1 S 

grips the needle 10. A proximal, non-piercing end portion 1 0p of the needl© 10 has a transversa 
dimension 10w, while the means for holding 15 has a transverse dimension 15w sufficiently larger 
than dimension 10w to accept the needle 10 without gripping it The distal end portion 12d of th© 
cannula insert 12 has a transverse dimension 12dw perpendicular to th© stofc 18, and th© remainder of 
20 the cannula insert 12 has a dimension 12w which is smaller than dimension 12dw. Th© cannula 1 1 
has an internal transverse dimension 1 1 w, which is sufficiently larger than dimension 12w to allow th© 
cannula insert 12 to mov© fre©fy therewithin. Howev©r, beeaus© dim©nscon 1 1w is smalter than 
dimension 12dw, in ord©r for th© distal end portion 12d of th© ennnula insert 12 to fit within th© eannula 
11, th© distal ©nd portion 12d must compress. It will b© undepstoo^thst &y ©ppmopriatefy sizing various 
25 portions of th© bore 1 1 1 , ft© distal ©nd portion 1 2d m$y b© caused to compress at a d©t©rminabt© 
point along th© eannute 11 Th© compression need not occur at th© ©xaet distal ©nd of th© cannula. 
*b 5' <WiTP FigQ^2i>=Q and 2«4a)]lustrate embodiments of th© compressibl© distal end portion 12d, in 
which th© disteJ ©inid portion 12d is formed as an integral, unitary member with th© cannula insert 12. 
As th© disteJ partim 12d is drawn into the cannula 1 1, th© ©nd segments 19 are pressed toward 
30 each other, reducing th© widths of th© slots 16, which eaus©s th© grooves 17 to clamp down on th© 
needl© 10. How©v©r, as shown in &Q0gf^ ^ e dista ' ® nd portion 12d may simply b© a separate 
member mad© of a compressibl© matefliCsuch as an elastomer, with or without any slots or end 
sections, which member is coupled to th© cannula insert 12. In such a mod©, th© entire distal end 
portion 12d elasticity compresses onto a needle held in its means for holding 15. In either mode, as 
35 the distal end portion 12d of the cannula insert 1 2 is extended distally out of th© open end of the 

cannula 11, the distal end portion 12d elasticity returns toward its original shape, allowing the needle 
1 0 tojre ety slip^ from the means for holding 1 5. ^ 
3jt- Figs^f-^Dand e may be better understood with reference to Fi^-l9. It will b© understood 
that when the needl© 10 is held in the means for holding 15, and th© needl© 10 is disposed entirety 
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within th© cannula 11, the elastic properties of the needl© 10 exert lateral forces upon both the 
cannula 11, and the means for holding 15. The straightened needle 10 exerts lateral force on the 
distal end of th© cannula insert 12 in the direction shown in Fig^-2dty arrow 203. The needle 10 has 
a point which bears on the cannula 1 1 at a location opposite the dtPecfion 203. By forming the means 
5 for holding 15 in a position radially removed from the center from the cannula insert 12 t in direction 
203, the needle 10 may be held in a less stressed and less straightened configuration, without 
changing the transverse dimension of the cannula 11. 

The slot 16 may be radially removed from the center of th© cannula insert 12, as shown in Fig. 
Q-2sJ to divide the distal end portion 12d into two asymmetrical end portions 19. A needle 10 held in 
10 an orientation so as to curve opposite the direction of arrow 203 (generally upward in Fig.t£2e) will 
exert a force which is perpendicular to the slot 16 rather than along th© slot 16. This helps pn^ent the 
needle 10 from forcing its way out of the means for holding 15 and into another position within the slot 
16, an d^ensu res a more firm grasp on the needl© 10. 

Figd-i)illustrates a needle release indicator formed in th© distal ©nd portion 12d of th© 

a 

5 cannula insert 12. Near the distal end of the cannula insert 12, a raised release signal tab 20 is formed 
in the distal end portion 1 2d. A segment 21 immediately proximal to th© tab 20 is radially indented 
relative to the tab 20. Although segment 21 is shown in Fig^|7as having a lateral dimension which is" 
smaller than the remaining portions of the cannula insert 12, ffili is, in various modes of the cannula 
insert 12, not mandatory. For example, the remaining portions of th© cannula insert 12 may be of 
smaller, equal, or greater lateral dimension than segment 21/so long as th© cannula insert 12 remains 
longitudinally movable within the cannula 1 1 , and so long as the means for holding 15 remains able to 
hold and release th© needl© 10. 

When th© distal end portion 12d of th© cannula insert 12 is extended beyond th© distal end of 
the cannula 1 1 > at th© momant th© tab 20 completely exits th© cannula 1 1 , th© distal end portion 1 2d 
snaps outward until th© segment 21 contacts the cannula 11. This produces a tangible or audible 
signal to th© surgeon, indicating that th© cannula insert 12 is emerging from th© distal end of the 
cannula 11, arad, depending on th© placement of the tab 20 relative to th© means for holding 15, may 
indicate to the surgeon that th© needle 10 has just been or is about to bs, released. It will bs 
understood theft, by appropriately sizing various segments of th© cannula 1 1 and by appropriately 
placing th© tab 20, the releas® signal may b© made to occur at any given stage of needle extension. 
In an altemativ© embodiment (not shown), tab 20 can be replaced by on© or mors elastic tabs directed 
proximally which spring out as distal end portion 12d emerges from the distal end of cannula 1 1 . 

One© the needle 10 has been released from the cannula insert 12, th© surgeon may use th© 
needle 10 to insert running stitches or regular stitches into th© patient's tissues. One© th© stitching 
procedure is finished, the needle 10 must be withdrawn from the patient's body with a minimum of 
trauma to the patient The apparatus 100 of the first embodiment can also b© used in the withdrawal of 
the needle 10. By maneuvering the cannula insert 12 until an end of th© needle 10 enters the meano • 
for holding 15, and then distally extending the cannula 1 1 onto th© cannula insert 12, the surgeon msy 
recompress the distal end portion 12d of the cannula insert 12. which presses the means for holding 
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15 onto the needl© 10. Then, by withdrawing the cannula insert 12 into the cannula 11, the needle 10 
may be restraightened and drawn entirely inside the cannula 1 1. The cannula 1 1 may then be 
withdrawn from the patient's body with an absolute minimum of trauma. This same process may be 
used if the needle 10 is badly placed when extruded from the cannula 1 1 . The surgeon may simply 
regrasp the needle 10 in the cannula insert 12, retract the needle 10, and re-extrude the needle 10 
into a better position. The same process may even be used repeatedly in the suturing process itself. 

In order to ease the process of manipulating the cannula insert 12 back onto the needle 10 fo^ 
withdrawal, the distal end of the cannula insert 12 may include a concave face 22, as shown in Fig.[2-' — 
J5? The means for holding 1 5 enters through the distal end of the cannula insert 12 at the deepest point 
of the indented face 22. Thus, if the surgeon maneuvers the cannula insert 12 near enough to the 
needle 10, so that an end of the needle 10 is within the indented face 22, during further distafward 
motion of the cannula insert 12, the indented face 22 will guide the needle 10 into the means for 
holding 15. 

In order to provide a more self-contained apparatus 100, th© cannula insert 12 may include a 
means for containing a length of suture. In on© mod©, the means for containing may b© a suture 
release bobbin 25 around which a length of suture 9 is wound, as shown in F»9j^p As th© surgeon 
uses the needle 10 to make stitches in the patient, th© sutur© 9 is pulled from th<rasfel end of th© 
bobbin 25. By forming th© bobbin 25 with a slightly conical shape, th© sutur© 9 may be pulled from the 
bobbin 25 with reduced friction. Reducing th© friction b©tw©en th© apparatus 100 and the suture 9 is 
not only desirable to make suturing easier for th© surgeon, but also to prevent accidental movement of 
a needle 10 which has bsen released within th© patient Suctf unwanted mov©m©nt might b© caused 
by friction between th© sutur© 9 and th© apparatus 100 if th© apparatus 100 is moved or inadvertently 
bumped by the^urgegn^ 

Fig.^1 1ji)shows how th© first embodiment 100 of th© present invention may b© us©d to repair 
a deep wound 4 in tissues 3 and 5. The surgeon positions th© apparatus 100 n©ar th© wound to b© 
repaired, and extrudes th© ne©dl© 10 from the apparatus, as described abov©. Th© needle's piercing 
distal end 10d fir^t pierces th© tissu© 5 on on© sid© of th© wound 4. Then, as th© need I© 10 is further 
extruded from th© cannute 11, th© n©edl© 10 returns toward its unstressed shap©. This curves the 
needle 10 through th© tissu© 5 beneath or near the bottom of th© wound 4. Th© pi©rcing distal end 10d 
of the needl© 10 ©v©ntually penetrates and th©n protrudes from th© tissu© 3 at th© opposit© sid© of th© 
wound 4. Th© distal end 10d of th© n©©dl© may then be grasped to pull th© n©edl© through the tissue 5 
and 3 to draw the sutur© across th© wound 4. Knots may th©n b© ti©d in th© sutur©, or th© needl© 10 
may be repeatedly withdrawn and extruded from the apparatus 100 to form multiple stitches. The 
means for holding 15 may be used to grasp the distal end 10d of th© needl© during this process, in the 
same manner described above for withdrawal of the needle 1 0. After th© distal ©nd 1 0d ©marges from 
the tissue 3, the surgeon may grasp the distal end 10d in the cannula insert's means for holding, as 
described. The surgeon may then pull the needl© 10 and sutur© through th© tissues 5 and 3. Th© 
surgeon may release the needle 10, then grasp its proximal end 10p in th© means for holding and 
partially or fully resheath the needle 10 inside the cannula 1 1 preparatory to forming another stitch. 
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Fig.^1 Illustrates the first embodiment 100 of the present invention being used in 
arthroscopic surgery to repair a torn meniscus 6 in a knee 7, in much the same manner. It will be 
understood that, because the needle 1 0 provides its own curving suture path as it pierces the 
meniscus 6, the apparatus 100 need not be swept over any degree of motion in order to suture the 
meniscus 6. The apparatus 100 is capable of performing suturing through an ©ntry wound which is of 
a minimal size. The entry wound need only be big enough so that the apparatus 100 may slip inside 
the knee. In other words, the entry wound need only be as big as the lateral dimension of the 
apparatus 1 00. f 

As shown in F\q(2-7^ a second embodiment of the present invention is an apparatus 200 
which extrudes a needle 10 laterally rather than distally. The second embodiment 200 includes a 
cannula 30 which is substantially similar to the cannula of the first embodiment Apparatus*200, which 
is preferably rigid, can be long and/or flexible enough for apparatus 200 to be used in a channel of an 
endoscope (flexible or rigid), in the lumen of a catheter, or as a catheter itself. However, the second 
embodiment's cannula 30 does not have an open distal end. Rather, th© second embodiment 200 
extrudes the needle 10 through an aperture 31 which is located through a side wall of the cannula 30 
near its distal end. In this application, it is intended that th© term "adjacent th© distal end", when 
applied to the location of the aperture or of other equivalent msan©, indicates that th© aperture may 
open either through th© side wall of th© cannula or actually through th© distal ©nd of th© cannula. 

Inside its distal end, the cannula 30 includes a pivot 34, about which a shaft 29 rotates. Th© 
distal end portion of the shaft 29 is a spool portion 29d about which th® needl® 10 is wrapped. When 
used with the second embodimsnt 200, the needl© 10 is stressed into a mor© curved, rather than a 
more straightened, shap© when disposed within th© apparatus. Relisf of th© stress in needl© 10 held 
in the more curved configuration, then, results in th© needl© 10 returning toward its mor© straight 
shap© which may be a curv© suitable for suturing. 

Much of th© remainder of th© shaft 29 includes spiral grooves 27. A plunger 28 is disposed 
about the shaft 29 and within th© cannula 30, and has tabs 26 which engag© th© spiral grooves 27 of 
the shaft 29. When the plunge? 28 is moved into the cannula 30. th© tabs 26 and grooves 27 impart 
rotating motel 210 to th© shaft 29 and needle 10. When th© plunger 28 is withdrawn, th© shaft 29 
rotates in th© opposite direction. . i p l "^ >> u c 

""ffc ""5' / y/^ 

Fig.^f-Cls a cros© sgc&onal view of the apparatus 200, taken across linejf-sGbf Fig^-TiTand 
illustrates th® special relationship between the cannula 30, th© plunger 28 with its tabs 26, and th© 
shaft 29 with its spiral grooves 27. As will b© understood, a functionally identical equivalent may b® 
constructed by affixing th© tabs 26 to th© shaft 29. and adapting th© plunger 28 with th© spiral groves 
27. As further shown in Fig^|-§? the groove-engaging tabs 26 of th© plunger 28 may also extend 
outward from the plunger 28,~and the inner surface of the cannula 30 may also be adapted with 
grooves 72. By forming the grooves 72 in the cannula 30 to run substantially linear to the axis of the 
cannula 30, the plunger 28 will be prevented from rotating upon insertion into and withdrawal from the 
cannula 30. 
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As shown in Fig. g;7gi the tabs 26 may be constructed as a part of th© cannula 30. The thumb 
ring 14 is coupled to the plunger 28 by a sniveling means. In one mode, the sniveling means may be 
the simple snap-lock mechanism 28c shown in Fig^Tdl which is held in place by an end cap 28b. In 
this mode, the shaft 29 slidably engages the plunger ^by any non-circular cross-section instead of 
having spiralled grooves. L\ 7 <\ nch 4 °( 

With reference to Figs.(2:7c and 2-liftt will be understood that the exact means for imparting 
rotation to the shaft 29 may be formed in a variety of ways within the scope of this invention. For 
example, the tabs and grooves may be eliminated by simply forming the plunger 28 of a spiral-twisted 
rod of square cross-section, and providing the cannula 30 with an appropriate end cap 57 which has 
an opening suited for permitting the plunger 28 to pass therethrough only by appropriate rotation. 
Other non-circular cross-sections are, of course, within the scop© of this invention. Again, shaft 29 
slidably engages plunger 28 by any non-circular cross-section instead of having spiralled grooves. It 
is to be understood that any suitable activating means, such as syringe-plunger mechanisms, slidings 
mechanisms, pistol grip action mechanisms, scissor action mechanisms or th© lik© can be used to 
depress plunger 28 into cannula 30. ^ MS 

With reference again to Fig.(£-7aT the shaft 29 may contain a repository 32 which is a mean© 
for containing a length of suture 9. Th© shaft 29 includes a ne©dl© stop 24, which prevents the needl© 
10 from rotating backward relative to th© shaft 29. In on© embodiment, th© needl© stop 24 may simply 
be a lip on one side of the repository 32, which lip forms a me^ins for abutting a non-piercing end of 
the needle ^ ^ £o 

Fig(2-alllustrates an alternative mode of th© repository 32, in which th© repository may be a 
bobbin 33 which contains a length of sutur©. Th© bobbin 33 rctet©§ fre©ty about th© shaft 29 with 
motion 205. This, too, reduces friction between the suture and th© apparatus 200, to prevent 
unwanted movement of th© n©edt© 10 via th© suture, once th© n©edl© 10 has been completely 
extruded from the cannula 30. 

Fig.ff-ld'is rgutsway cross-sectional view of the distal end portion of the second 
embodiment 200, and illustrate th© unwinding of the needle 10 through th© aperture 31. Th© aperture 
31 must havQ @ dimension sufficient to allow the needl© 10 to fre©iy pass therethrough in its entirety 
without binding. As th© spool portion 29d of the shaft 29 rotates relative to th© cannula 30, the needle 
10 unwinds through th© aperture 31 ^nd returns to its unstressed shape. It will b© understood that the 
alternative modes shown in Fig§j^-7B5Iare not complete, and must include appropriate components 
at their distal ends, much lik© thos© shown in Fig.(2-7af * !lrL 

As will be understood, th© second embodiment 200 may be used in a substantially similar 
fashion as described fer tile fjc sj embodiment of the deep needle suturing apparatus 100 with 
reference to Figs!^1 1a and £TlbJ above. The second embodiment 200, however, may be used to 
provide surgical access to various suturing sites not accessible with the first embodiment 

In some surgical procedures, stitches are not implanted in a wound. In a third embodiment 
300 of the present invention, illustrated in Figs.(f-12a<J the unstressed shape of th© needle may be 
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substantially circular to form th© needle into a ring clip 8. Only after the wound has healed are th© ring 
clips removed, tt^0^^ 53 

Fig.f£-12l)shows the third embodiment 300 of the present invention, adapted for inserting ring 
clips 8 (which can be hollow or solid) rather than needles. The third embodiment 300 includes a 
cannula or cylinder 35 which is substantially similar to th© cannula of the first embodiment Apparatus 
300, which is preferably rigid, can be long and/or flexible enough for apparatus 300 to b© used in a 
channel of an endoscope (flexible or rigid), in th© lumen of a catheter, or as a catheter itself. 
However, the cylinder 35 has an internal dimension which may b© more similar to th© outer dimension 
of the wire of the ring clip 8 than is the inner dimension of the first embodiment's cannula to the 
needle. By forming both the wire from which the ring clip is made and th© internal bor© of the cylinder 
to hav© a non-circular cross-section, the ring clip may be prevented from rotating within th© bor©. Th© 
third embodiment 300 further includes a piston 36, whos© transverse dimension is substantially ©qual 
to the inner dimension of th© cylinder 35. Th® piston 36 n©ed not necessarily contain any means for 
grasping the ring clip 8, as it is only used to extrude th© ring clip 8 from th© cylind©r 35. How©y©r, 
adaptations of the third embodiment 300 which provide means for holding and retracting th© ring clip 
8, similar to thos© provided for holding and retracting th© n©edl© in th© first embodiment, ar© certainly 
within th© scop© of this invention. 

The ring clip 8 is disposed within th© cylinder 35, with its distal end 8d feeing toward th© open 
distal end of the cylinder 35. Th© piston 36 is disposed within th© cylinder 35, with th© distal end of th© 
piston 36 abutting th© proximal ©nd 8p of th© ring clip 8. lns©rtion of th© piston 36 through th© cylind©r 
35 with motion 203 ©xp©ls th© ring dip 8 from th© cylind©r 35 as shown in Ft@.^-12B As th© ring clip 8 
is expelted, it returns to its unstressed shap© with coiling motion 207, as deseribSETabov© for th© 
needl© of th© first embodiment Suteibty, th© ring dip 8 may hav© an unstressed shap© which is 
substantially drcular, in ordor that it may pass through a patients soft tissues with a minimum of 
lateral pressure, to eaus© n minimum of structural damag© to th© tissues. 

Th© third ©mbodimenft 300 (as w©ll as any of th© ©mbodiments of this invention) may b© 
adapted with at {©©gji on© marker means 55. Th© marker 55 may b© t suitabty, a raised or embossed 
portion of th© qfRndor 3§, or may simply b© printed th©reon. With th© ring dip 8 load©d into th© 
cylinder 35 in m appropriate orientation, th© marker 55 will indicate th© direction in which th© ring dip 
8 will curl wfrQn extruded. This aids th© surgeon in property dipping a wound. It will b© und©rstood that 
any of th© various ©mbodimen ^d^rib ed herein may also b© advantag©ously adapted with a 
suitable marker means. Figs.^T3a^, and Figs.f^-^^illustrat© proper alignment of th© marker 55 
indicating^o^resp^iv© directions of extrusion of a ring dip 8. Th© respective positions of th© marker 
, 55 in Fig sjQ^i 3a or c)indicat© that th© ring clip 8 will exit th© cylinder 35 in th© direction as shown in 
Figs^13b orj^ respectively. Marker 55 may be positioned at any suitable location along th© 
cylinder. More that one marker may b© preserjt- — %JL^. 6S_ 

In another mod©, shown in Figs?^-12^ndf£-163, th© ring dip 8 indudes an ©xt©ndeti 
proximal segment 49, whose unstressed shap© is relatively straight This proximal segment 49 may 
be grasped by the surgeon in any manner and manipulated, in order to adjust the ring dip 8 within the 
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soft tissues. In this mode, the piston 36 has an enlarged diameter and includes a bore 37 extending 
into the piston 36. Adapting the piston 36 with the bore 37 allows the third embodiment 300 to contain 
the lengthened and extended ring clip 8. This obviates the need to lengthen the cylinder 35 t making 
the apparatus 300 easier for the surgeon to handle. As shown in.Fig(2rl6ii after the surgeon has 
manipulated the extended ring clip 8, the extended end segment 49 mdybe removed by any 
conventional method, such as cutting it off with wire cutters. It will be understood that the proximal 
segment 49 need not be of an elastic material, but may be any conventional material affixed to the 
elastic segment 8 in order to minimize the cost of the apparatus 300. 

The cylinder and piston of the third embodiment of the apparatus may be used with a variety 
of different ring clips, such as are shown in Figsj ^17a-f3 A s shown in FigjlMTal the ring clip 8 may 
be formed such that, in its unstressed configuratiorijte^stal end 8d and proximal end 8p come into 
end-to-end abutting alignment Alternatively, as shown in pi 9 ^ ® nds M and 8 P m sy come 
into side-by-side overlapping alignment Locking of the ring clipf^y be permitted by having a small 
barb or barbs (not shown) on end 8d which fit(s) into a recess or recesses (also not shown) on end 8p 
or vice versa. 

A slightly modified ring clip may include a proximal coupling hook 8ph. In such a configuration, 
in the ring clip's unstressed configuration, the hook 8ph remains somewhat separated from th© 
piercing end 8d, such that the ring clip does not form a complete circle. The surgeon may stress the 
ring clip into a tighter arc, and engage the hook 8ph with th© pasting end 8d, as shown. The elasticity 
in the ring clip 8 will cause the hook 8ph to remain engaged under mechanical stress. Such a mode of 
the ring clip is taught in U.S. Patent No. 5,002,563 (Pyka et al). 

As shown in F *S^1^7 ^ third embodiment 300 may have a lengthened cylinder 35, within 
which may be disposed a plurality of ring clips 8a - 8n. Injection of the piston 36 through th© cylinder 
35 then cause© serial ©xirusten of th© ring clips 8a - 8n. 

Serial extrusion off ring clips 8a - 8n may also bs accomplished by adapting th© third 
embodiment 300 as shewn in Figs.(2£l5a orJL In this mod©, th© third embodiment 300 includes a 
magazin© 38 which holds th© pSurality dfrlHg dips 8a - 8n. The magasin© 38 includ©s a msigazin© 
spring 3©, whfeft press©© on th© ring clips 8a - 8n to keep them in their stressed and mor© 
straight©n©d eftup©, and which introduces them serially into th© cylinder 35, in position for extrusion by 
the piston 3S. Th© magasin© 38 may b© separately attachable, and may also b© r©fillabJ©. It will b© 
understood that any suitable means may be used to keep the plurality of ring clips in any favored 
orientation, if it is desir©d that th©y exit the cylinder 35 in a predetermined orientation of curvature. For 
exampl©, the ring clips 8a - 8n may be formed of a rectangular cross section, or th©y may b© 
releasably glued together, to prevent their rotation, within the magazine 38, away from their preferred 
orientation. 

The third embodiment 300 may further be adapted with a piston return spring 40, which is 
compressed upon injection of the piston 36, and which automatically returns th© piston 38 to a postal 
allowing introduction of the next ring clip into the cylinder 35. As shown in Fig.^1 £9 th© piston return 



spring 40 may be disposed within the cylinder 35. In this mode, the cylinder 35 includes an enlarged 
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chamber 41, within which the spring 40 is disposed. The piston 36 may include an enlarged segment 
42, which is disposed within the cylinder 35, and which is kept inside the cylinder 35 by an end cap 43 
on the cylinder 35. This maintains the apparatus 300 as a more integral unit and prevents the 
complete withdrawal of the piston 36 from the cylinder 35. This also allows for a precompressed piston 
return spring 40 to be used, which provides greater return strength and speed for the piston 36. It is 
to be understood that any of the embodiment of this invention may be activated by any suitable 
activating means, such as syringe-plunger mechanisms, slidings mechanisms, pistol grip action 
mechanisms, scissor action mechanisms or the like. 

A third form of the present invention provides an endoscopic or laparoscopic surgical device 
which provides an internal drape, and facilitates tissu© collection. Th© surgical device comprises a 
housing having an axial bore with a distal deployment opening; and a barrier member which is 
constrainable within the axial bore. The barrier member comprises a loop of elastically recoverable 
material, preferably a shap© memory alloy, and a barrier membran© loosely spanning th© loop. 
Remote means are provided to project and retract, and optionally to rotate, th© barrier member 
relative to the distal end of the housing. A preferred embodiment uses a shap© memory alloy 
material, especially a pseudoelastic shap© memory alloy material, and mor© preferably a superelastie 
shap© memory alloy material. 

The barrier member is moveable between a first position wherein th© barrier member is 
constrained within the housing, and a second position wh©r©in th© banter member is extended past 
the distal deployment opening of the housing, and assumes an expanded shap©. In the expanded 
shape, the barrier member acts as a surgical drap© and/or as a surgical collector. Th© barrier 
member is preferably moveabte to @ thiFd position wherein th© barrier m©mber is partially or fully 
retracted, and at least a portion of it is constrained within th© housing. 

During surgery, ©spseialfy "least invasive surgery* 9 (LIS); it is fr©qu©n% n©c©ssary to remove 
diseased tissu©. This tissu© rraiy b© infected, contain infemmiteffy §©ej©tsons (©.§., bit©), or contain 
tumor cells. In any of th©s© situations it is desirable to perform surgery without contaminating 
surrounding h©@l% tissues with any of the diseased tissu©. Expandabl© internal barriers of this 
invention minim®© or pr©v©nt such contamination. Th© expandable barrier m©mb©r comprises (a) a 
flexible membfun© which loosely spans (b) a loop of elasticalfy deformabl© material. Th© elastically 
deformabl© loop is preferably a pseudoelastic shap© memory alloy which defines an expanded loop in 
its "memory 0 shap©. Th© expandable barrier is constrained within a housing, and th© deployment end 
of the housing is placed within a body. The barrier is deployed from th© housing arid expands to its 
memory shape. 

The barrier can be placed under diseased tissue, so that undesired materials spill into th© 
barrier by gravity and/or irrigation flow, without contaminating surrounding tissues. Th© undesired 
materials can be aspirated from the surface of the barrier prior to withdrawal of the devicQ. 
Alternatively, the barrier is placed so that it substantially surrounds and encloses th© diseased tissue 
and sequesters it from healthy tissue during surgery. The tissue sample is severed (if necessary). In 
a preferred embodiment when the elastically deformable loop is first withdrawn back into th© housing, 
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the barrier membrane remains suspended outside the housing. The upper edge of the barrier 
membrane closes to form a pouch as the elasticalty deformable loop is retracted into the housing. 
Within the pouch is a tissue sample or other material which has been enclosed by the membrane. 
The housing, barrier and enclosed materials are removed from the patient 
5 The Figures are drawn for purposes of clarity and are not drawn to scale. Like numbers 

represent like structures^ 70 

Figure{3-iJs a lateral external view of a device according to the subject invention. The 
housing 10 includes a deployment end 12 which is inserted into the patient and which houses the 
expandable barrier member (not shown) in a constrained configuration; a shaft portion 14 which may 
10 be partially or completely inserted within the patient body; and an actuator end 16 opposite the 

deployment end, which is retained substantially outside the patient The housing 10 can be flexible or 
rigid, and its rigidity can vary along its length. A remote actuator means 18 is used to project and/or 
retract and, o ptionally, to rotate the barrier member relative to the distal deployment opening 24. 
f~ i d^-*7\-~)^r ~' ^Figures 3-2 through 3^ show the use of a device of this invention to obtain a tissue s^mjDle. -y 0 
1 5 They are simplified cross sectional representations of the device shown in(£jgure 3t|l1he cros^^ ' 
section being taken along line a-a. In use, the device is partially inserted into a human or animal 
patient (not shown). The housing can be inserted directly into a patient or the device can b© 
emplaced using an instrument channel of a standard endoscope, laparoscope catheter, or the like. 
^""1$^ - ~ v (Fjgure 3^ shows a cross-section of the device o j^ig ure 3-Jjtaith the expandable barrier 
20 member 22 in a first constrained configuration. ^~L9-i2E 

The housing 10 is preferably an elongate sheath, having an axial bore 20 therethrough, the 
axial bore being seed to receive the expandable barrier member 22 in a constrained configuration. 
The axial bore 20 opens to the environment at the deployment opening 24. In on© embodiment (not 

e 

shown), the axial bore also opans to the environment at the activator opening 26, and access for 
25 additional laparoscopic otr endoscopic devices, and/or fluid access or withdraw&l, is provided. A seal 
(not shown) may be added at thQ activator opening 26, to minimize or prevent fluid (i.e., liquid or gas) 



The s@sdS?e configuration and dimensions of the axial bore 20 will vary with the use of the 
device, the pewraters of the barrier member 22, and whether access for additional laparoscopic or 

30 endoscopic dovcces is provided. In general the axial bore 20 will have an internal diameter of from 
less than about 0.3 cm to about 2 cm or greater, preferably from about 0.25 cm to about 2.5 cm. In 
one embodiment (not shown), the axial bore comprises a working channel of an endoscope. Such an 
endoscope can also provide surgical implements such as lasers, scalpels, irrigation and aspiration 
means, visualization means, and the like. 

35 The outer diameter of the housing 1 0 will vary with the application, the size of the expandable 

barrier, and whether additional working channels are included in the device. The housing in a 
laparoscopic device will have a diameter of from less than about 1 mm to about 3 cm or greater, 
preferably from about 0.4 cm to about 1 .5 cm. The length of laparoscopic devices will be from less 
than about 10 cm to about 30 cm or greater, more generally from about 20 cm to about 30 cm. The 
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housing 10 of a device intended for endoscopic use will have a diameter of from less than about 1 mm 
to about 3 cm or greater. The length of endoscopic devices will be from less than about 10 cm to 
about 1 meter or greater. 

The barrier member 22 is extended through the deployment opening 24 remotely. The 
barrier member 22 can be attached through the actuator opening 26 of the housing 10 by a 
connecting means 28. The connecting means 28 can be, for example, soldered or otherwise affixed 
to the barrier member 22, as shown. Alternatively, it can be a continuation of the elastic material used 
in forming the elastically deformable loop 36. In the shown configuration, the barrier member 22 is 
attached to the remote actuator means 18 by the connecting means 28. Longitudinal axial movement 
of the activator means 18 relative to the housing 10 causes the barrier member 22 to be extended 
from, or retracted into, the housing 10, via the deployment opening 24. Rotational movement of the 
activator means 18 relative to the housing 10 causes the barrier member 22 to be rotated. If rotational 
movement is not desirable, a means to prevent rotation can be employed. 

In the depicted configurations, the remote actuator means 18 slidably engages the activator 
opening 26. The remote actuator means 18 can be an extension of the elastically deformable loop 38, 
or of the connecting means 28, and be substantially independent of the housing 10. Alternatively, tho 
remote actuator means 18 can be connected to the connecting means 28. 

The housing 10 includes, or provides integration with, a surgieal handling apparatus to deploy 
and retract the barrier member. In one embodiment as shown, two finger rings 30 are part of the 
actuator end 16. An additional thumb ring 32 is part of the rsmqte actuator means 18. These rings 
are for ease of handling. Knobs or ridges, for example, can be provided for ease of integration with a 
separate actuator means (not shown). Suitable actuator means include slider mechanisms, pistol grip 
or thumb actuated mechanisms, scissors handles, and syringe-plunger mechanisms (similar to the 
configuration shown injures 3-2 through Z^j). These and others are well known to the art The 
specific type of actuator msei^nism is generally determined by the personal preference of the 



In us©, thQ deployment end 12, and possibly the shaft portion 14, is inserted into the patient 
The housing eim bg inserted directly into the patient or it can be introduced using the instrument 
channel of n stundurd LIS device. The deployment end 12 possesses lateral integrity such, that it is 
not significant^ defomted by the pressure exerted by the constrained barrier member 22. In a device 
having a rigid housing (the usual case for a laparoscopic device), the deployment end 12 of the 
housing can be integral to the shaft portion 14 of the housing, such that there is no obvious 
demarcation between the functional zones. When a device of this invention functions as a catheter 
(typical with endoscopic use) and there is little lateral support, the deployment end 12 may require 
reinforcement to provide consistent constraint of the expandable barrier member. 

The shaft portion 14 of the housing is located between the actuator (non-inserted) end 16 and 
the deployment (inserted) end 12 of the device. The shaft portion 14 of the housing may be inserted 
into the patient (not shown) partially or completely. The shaft portion 14 of a device which is used in 
laparoscopy must have sufficient structural integrity that it is easily inserted through a surgical opening 



surgeon. 
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into th© body of the patient without undue deformation. Materials with sufficient structural rigidity 
include stainless steel and rigid polymeric materials such as plastics. 

The material of the shaft portion 14, and the material of the deployment end 12, can be the 
same, or can have different physical properties. For example, the shaft portion 14 of an expandable 
barrier device housing used in endoscopic surgery will generally be flexible, to allow insertion through 
naturally occurring orifices, ducts, and/or passages, or to allow insertion through th© working channel 
of an endoscope. Suitable polymeric material includes polytetrafluorethylene, polyurethane, 
polyethylene, teflon, and the like. The material of such a flexible housing may be reinforced at th© 
deployment end 12 with fibers, rings, or longitudinal ribs, for example, to enable it to withstand the 
forces exerted on it by the barrier member 22 while it is constrained within and deformed by the 
housing. 

The barrier member 22 has two components: the barrier membran© 34, and th© elastically 
deformable loop 36. 

When expanded, the barrier member 22 can have a diameter of from about 1 cm or less to 
about 5 cm or greater, more generally from about 2 cm to about 4 cm. Th© barrier membran© 34 
spans the elastically deformable loop 36 loosely, forming a rounded plat© or bowl. Th© depth of are 
described by th© barrier membran© 34 when suspended from th© elastically d©formabl© loop 36 is 
from less than about 1 cm to about 7 cm or greater. In general, th© prefemsd depth of th© pouch 
formed by the barrier membran© 34 will be less when th© barri©r membran© 34 is used primarily as a 
tissue protecting surgical drape, and will b© correspondingly greater when th© barrier membran© is 
used as a pouch to collect tissu© or to r©mov© tissu© in tcto ftpm th© surgery sit©. In thos© 
embodiments in which a relatively deep bowMik© pouch is present ft mny b© d©sirabl© to reinfore© the 
barrier membran©. Reinforcing stays or ribs, mad© of, for example, plastic, thieken©d barrier 
membran© material, or a shap© memory alloy, provid© reinforc©m©nt, and assist th© barrier 
membrane to deploy fully into th© desinsd shape. 

Th© barrier member 22 is compressed and loaded within th© axial bore 20. In this constrained 
configuration, tte burner dovte© can be sterilized, packaged and stored for lat©r us©. Preferably at 
least on© ©x^andiib!© barrioir d©vic© is available during surgejy: wh©n needed, th© surgeon ran 
visually ass@so sfe© of th© barri©r member necessary for tissu© protection and/or collection, and 
select an appropriate ©xpiindabte barrier device. 

When constrain©d , th© barri©r membrane 34 is collaps@d, and may b© furied around th© 
elastically deformed loop 38. The barrier membrane is preferably mad© of a flexible and impermeable 
biocompatible material. Th© composition of th© barrier membran© will reflect th© specific us© of th© 
expandable barrier. The barrier membrane is sufficiently thin that it ran be folded or gathered, 
together with the elastically deformable loop, to fit within the axial bor© 20. 

In one preferred embodiment the barrier membrane material is substantially impermeable to 
body fluids and other liquids, such as normal saline solution, which might be present during surgical 
procedures. The thickness of the membrane is sufficient to provide an effective barrier to noxious or 
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contaminated materials such as bile, spillage from inflamed or infected tissues, or tumor cells. 
Suitable materials include polyethylene, polyvinyl chloride, urethane, silicone rubber, and the like. 

In an alternate preferred embodiment the barrier membrane material is substantially 
impermeable to tissue samples, but is generally permeable to body fluids and other liquids, such as 
5 normal saline solution, which might be present during surgical procedures. In this embodiment, the 
barrier membrane material can be a net, web, or grid. Suitable materials include perforated, webbed 
or netted polyethylene, polyvinyl chloride, urethane, silicone rubber, and the like. A similar construct 
can be made of, or contain, shape memory materials. 

The elastically deformable loop 36 is a wire, or a strip of elastic material. The term "elastic 
10 material" is used herein to mean a metallic material that has spring-like properties, that is, it is capable 
of being deformed by an applied stress and then springing back, or recovering, to or toward its original 
unstressed shape or configuration when the stress is removed. The elastic material is preferably 
highly elastic. The materia^are metallic. The use of metals such as shape memory alloys is 
preferred. Shape memorylalloys that exhibit pseudoelasticity, in particular superelasticity, are 
1 5 especially preferred. The elastic materials herein exhibit greater than 1 % elastic deformation, more 
generally greater than 2% elastic deformation. Preferably, the elastic materials herein exhibit greater 
than 3% elastic deformation, more preferably greater than 4% ej^tic defbrmatioa 
I Ffcy ^y ^(§gure S^hows the device dffigure iffim e3p3tded edition. The remote actuator 
means 18 has been moved distally along the axial borQ 20. The elastically deformable loop 36 
20 extends past the confines of the deployment opening 24. Once the statically deformable loop 36 is 
released from the compression of the housing 10, the loop regains its unconstrained, memory, shaps 
and the barrier member 22 afiains its deployed configuration. White tftQ etatiealty deformable loop 33 
is shown as generally circular or oval, other shapes are also possible. Elliptteil, rounded, square, and 
irregular shapes are also possible, and may be desirable for a particular application. 
25 The barrier memtafto 34 is connected to the elasticity doformsiblQ loop 38. As the loop 

expands, the barrier membrane 34 unfurls to form a generally plate-like or bowWike enclosure having 
a mouth 3©. TftQ perimeter, or file mouth 38, of the barrier membrane 34 is defined by the intersection 
of the etattcsly deformabte teop 38 and the bemsr membrane 34. ^ 

Thg rmsQ bowWikQ configuration, shown in^jgure 3-^) is generally preferred when the devicQ 
30 is used to cottsst or retetewe tissue samples. In use, the expanded barrier member 22 is suspended 
internally at or near the surgical site. The barrier can be manipulated to underlie the surgical site, so 
that fluids or other materials which are released at the surgical sit© flow gentiy downhill into the 
expandable barrier by means of irrigation flow and/or gravity. When the barrier membrane 34 is b&&> 
like, i tcan su bstantially contain a tissue sample 40 to be excised and removed during surgery. 
35 ^>^^^gure 3-£^hows the device o0gure 3-|7n a pouched configuration, partially between the 
C-^expanded configuration of^Igure 3-3|nd thenfedrawal configuration of^jgure 3-D ^e remote 
actuator means 1 8 has been mc8gaW*imally along the inside of the axial &5tq2Q. The elastically 
deformable loop 36 extends only partially past the confines of the deployment opening 24, and 
constraining force of the housing 10 has forced the elastically deformable loop 36 into a deformed. 
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semi-constrained shape. The barrier membrane 34 can preferably slide relative to the ela^ically 
deformable loop 36. The barrier membrane 34 is preferably not retracted into the housing 10 with the 
etastically deformable loop 36, and remains substantially outside of the housing 10. As the elastically 
deformable loop 36 is withdrawn into the housing 10, the barrier membrane 34 catches on the 
5 deployment opening 24 of the deployment end 12 of the housing 10. Therefore, the diameter of the 
mouth 38 of the barrier membrane 34 becomes reduced as compared to the expanded configuration 
shown in^^yre 33L^nd the barrier membrane 34 forms a pouch. The tissue sample 40 is 
substantially^i^losedTn the pouch. Ffa'TT^ . 
f\cy 1$ ; ^j<gure 3 J/shows the device o(Fjgure a configuration for withdrawal from the body. 
10 The remote actuator means 18 has been moved further along the axial bore 20 in the proximal 

direction, and is in approximately the position from which it started. The elastically deformable loop 36 
is substantially fully retracted into the axial bore 20, and constraint of the housing 10 has deformed the 
elastically deformable loop 36 to fit within the axial bore 20. The mouth 38 of the barrier membrane 34 
is retracted into the housing 10 with the elastically deformable loop 36, preventing any undesired loss 
15 of tissue or fluids from within the pouch. The body of the barrier membrane 34, containing the tissue 
sample 40, remains substantially outside of the housing 10. In this configuration the devic© is 
withdrawn. As the filled pouch of the barrier membrane 34 is generally larger than the deployment - 
opening 24, there is a tendency for the barrier membrane 34 to seal against the deployment opening 
24 of the housing 10. This tendency can be enhanced by placing a seal or gasket means (not shown) 
20 at the deployment opening 24. ^5^* "7°~~"^- 

While the demonstration of the device as shown injure 3-1 through Figur© 3-5jls 
representative of one embodiment of a device of this invention, other embodiments are also within the 
scope of the invention. For example, in an alternate embodiment, not shown, the barrier membrane 
34 is adhered to the elastically deformabte loop 36, so that as the mouth of the burner membrane 34 
25 is withdrawn into the housing 10 it is only collapsed transversely as the elasticity deformable loop 36 
is withdrawn into and contained within the axial bore. In yet another embodiment, the barrier 
membrane and tissue sampte are completely withdrawn into the housing for removal from the body. 

Th© pouched barrier membrane can provide a transfer means for tissues which have been 
removed from u patient and are to be delivered, for example, to a pathology laboratory. The entire 
30 barrier devic© can be delivered, or the distal end of the device including th© pouched barrier 

membrane can be separated from the rest of the device and delivered (not shown). If such a transfer 
is desired, the barrier membrane can be lined with, can contain, or can be filled with* a tissue 
preservative. ^ j^S ' ~75"~7 5~ 

^ gure 3-6jshows representee s^bodiments of a cross-section through th© housing, taken 
35 along lin^^f^ureTj5^bamermembrine would normally be enclosed within the housing in a 
folded, bunched, or furled configuration. For simplicity, however, the barrier membrane is not shown. 
F~i cf « y *\Rl ^^ e 3 " 6 €)shows a housing 110 having a circular cross-section. This is a preferred cross- 
section for an expandable barrier device of this invention. A circular housing cross-section has the 
advantage of being deformable in any radial direction. A circular housing cross-section also permits 
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delh/ery of an expandable barrier of this invention through a standard laparoscopic trocar, or through 
the instrument channel of a standard endoscope. However, other cross-sections may be preferable. 

Within the axial bore 120 is the elastically deformable loop 136, which has been constrained 
to fit within the axial bore 120. The elastically deformable loop 136 is shown having an elongated oval 
5 cross-sectional shape. This is a preferred cross-sectional shape, as it permits structural rigidity of the 
expanded loop in a direction perpendicular to the general plane of the loop, but does not compromise 
the lateral compressibility of the loop within the general plane of the loop. However, the elastically 
deformable loop 136 can have any appropriate cross-sectional shape. 

The axial bore 120 can provide access for auxiliary implements such as an electrocautery 
10 device, laser, knife, probe, or other surgical implement, an imaging means, or an irrigation or 

aspiration means. Auxiliary implements can be an integral part of the devic© as manufactured, or can 
be introduced as needed through the axial bore 120. 
^ -74 CDgure 3-6|[jkhows a housing 110 which has an oval cross-sectional shape. Within the axial 
bore 120 is the elastically deformable loop 136, which has been constrained to fit within the axial bona 
15 120. The elastically deformable loop 136 is shown with a rounded cross-sectional shape. A lumen 
142 is present The lumen 142 can have any desired cross-sectional shape. The lumen 142 is used 
to introduce auxiliary implements to the surgical site. Auxiliary implements can include, for example, 
an electrocautery device, laser, knife, probe, or other surgical implement, an imaging means, or an 
irrigation or aspiration means. Auxiliary implements can bQ an integral psrt of the devic® as 
20 m anufactu red, or can be introduced as needed through a provided lumen 142. 
i^TT^ figure 3-Ss/represents an embodiment in which a cautery wire 144 is provided as an integral 
part of the expandable barrier devic©. Various cautery wires are known in the art and are suitable for 
use with this invention. In the pictured embodiment, the cautery wire 144 is a loop through which 
electrical current can flow. It is located adjacent to the mouth of the banter membrane when both the 
25 expandable barrier and the cautery wire are deployed. Insulation 14® can be provided around 

sections of the enutery wire, for protection of tissues and of the housing. The cautery wire 144 is used 
to sever and/er rauterfe© tissues, which are preferably collected within the expanded barrier member. 
The deploym^rtf und retraction of the cautery wire can be controlled using the same actuator as that 
which deploys und retracts the expandable barrier element Alternatively, a second actuator 
30 mechanism ran be supplied for deployment of the cautery wire. 

The cautery device can be made of any suitable material. If the cautery device is rigid, then 
the size of the cautery device is either limited to the size of the lumen 142, or it protrudes from the 
deployment end of the lumen at all times. However, the cautery wire ran comprise an elastic material. 
In a preferred embodiment, the cautery wire is a loop of wire, and the loop is constrained within the 
35 lumen 142 while the expandable barrier device is placed within the body. In an alternate 
embodiment the cautery wire is a hook-shaped span of elastic material which can be linearty 
constrained within the lumen 142. 

It has been discovered that an improved cautery device ran be made of a shape memory 
alloy. The use of an SMA which exhibits pseudoelasticity has the advantage that the amount of 
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elastic deformation that is available is large compared with that available from many other electrically 
conductive materials. The large amount of elastic deformation of the alloy allows the loop to have a 
small transverse dimension when it is constrained within a housing. 
M fc^- ^7jF ^^jgure 3-6<|)shows the cautery wire 144 located within the elastically deformable loop 136. 
5 This arrangement permits the cautery wire 144 to be within the mouth of the barrier membrane. It also 
permits the cautery wire and the elastically deformable loop to be contained in the same lumen of the 
housing. The deployment of the cautery wire can be controlled using the same actuator as that which 
deploys and retracts the expandable barrier element Alternatively, a second actuator mechanism can 
be supplied for deployment of the cautery wire. Other embodiments (not shown) include adhering the 
10 cautery wire to the mouth portion of the expandable barrier, or having the elastically deformable loop 
itself function as a cautery wire, with the barrier membrane being perforated at specific locations to 
permit electricity or heat flow to the tissue. Alternatively, a conductive polymer which ran be 
electrically heated from outside the body can be used to line the mouth portion of the barrier 
membrane, or the banier membrane itself can support the flow of heat or electricity through its body. 
1 5 Insulation 146 can be provided within the housing, for protection of the housing. 

* (^Figure 3-7 and Figure 3diJtemonstrate alternative embodiments of the expandable barrier of 

this invention. ^ r 1 ^ 

17 v (£jgure 3^/shows a shallow barrier member 222 wherein the depth of th® barrier membrane 
234 is a fraction of the diameter of the mouth 238. Th© connecting mean§ 228 fastens to a circular 
20 elastically defbrmabi© loop 236 which forms a closed ring. This type of expandable barrier member 
can fonction as an internal surgical drape. Th© housing 2'0 is shown. 
F^r^- £0 ^ffiigur© 3dL^hows another embodiment of this invention. Th© barrier member 222 is relatively 
deep: the depth of the barrier membrane 234 is great©r than th© diam©t©r of th© mouth 238. Th© 
connecting means 228 ar© wires which ar© continuations of th© ©lasttealfy defbrmabi© loop 238. Th© 
25 elastically defbrmabi© loop 233 is retained within an enclosure 248 formed of th© barrier membrane 
234. Th© barrier membran© 234 te preferably folded over itself, and self-adhered to form the 
enclosure 248. Th© ©last&alEy deformable loop 236 enters th© enclosure through openings 250. Each 
end of the ©lasfeilty deformable loop 236 ran independently enter th© enclosure at opening 250, as 
shown. Attoro^Qiy, bo&? ends of th© elastically deformable loop 236 ran enter the enclosure 
30 through one opening 250, not shown. Th© elastically deformable loop 236 slidabty engages th© loop 
enclosure 248: in an ©specialty preferred embodiment, the barrier membran© forms a closed pouch 
upon retraction of the elastically deformable loo p with in the housing when the barrier member is used 
to collect a tissue sample, as shown in^Fjgur© ij. . 

Also shown in^jgur© 3-|J a cautery wire 244 which, when deployed, is located proximal the 
35 mouth 238 of the barrier memoer i£22. An insulating sheath 252 is located within th© axial bore which 
§ \^^<§ US e3 ^ cmlbst y wir ® and Projects slightly from the distal end of the housing 210. 

While a self-adhered barrier membrane 234 is shown, alternate embodiments ar© possible. 

^Figure 3-Dpresents some of the alternatives in cross-sectional view, th© cross-section being taken 
^ ^ through jin ^S-^jjpf^ure barrier membrane 234 can be a doubled sheet with the elastically 
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deformable loop 236 between the two surfaces, as shown in(Fjgure 3-i^The doubled sheet can b© 
self-adhered if desired. The barrier membrane 234 can include rings 260 formed either of the 
membrane material or of some other material as shown in figure 3-sS The barrier membrane 234 
can be punctured by the elastically deformable loop 236, as ScSn^^gure ^gAitemately, the 
5 barrier membrane 234 can be affixed to the elastically deformable loop 2 sfso^that sliding of the 
me mbrane m aterial over the elastically deformable loop is substantially impeded (not shown). 
W^S- frVS 1 ^ if5 ures 3-1 °- 3-1 1 and 3-li)show some alternate top and sidevie ws of the elastical|y __' F TjS - 8"j jr 
deformable loop in the expanded, "memory" configuration, figure 3-~tOnows a closed circular loop ^ 
336, wjth a conne cting means 328. The housing 310 is shown. The elastically deformable loop is flat 
l^^lnside view.ffigure 3-tiihows a circular loop 336, in which the connecting means 328 is a 
^^continuation of the loop. The loop is flat in side view, and the elastic connecting bar is sharply angled, 
figure S^lfihows an oval loop 336 in top view, in which the connecting means 328 is a continuation 
of the elastically deformable loop. The loop is curved in side view, and the connecting bar is gently 
angled. 

15 The devices of this invention, including the housing and th© barrier member, can b© reusable. 

Preferably th© device is disposable or semidisposable. The barrier member and the housing are 
generally disposable, and the remote actuator means is either reused or discarded. • To^ 

A possibly advantageous variation of this form of th© invention is shown in(Fjgure 3-li? which 
shows an arrangement which can b© used to insert a catch baj ( 434 through a trocar entry, deploy the 
20 bag, and allow th© removal of the insertion device prior to removal of th© bag itself. Other devices 
have not allowed for dissociation of the bag and insertion devic@. 

Th© principle feature of thi© variation is th© replacement of th© closed loop of metal in th© cuff 
448 of th© bag by two curved arms 433, joined in the shaft 41 0 of th© instrument with their tips 
meeting at th© distal portion of th© euf?. Also in th© cuff 448 is a drawstring 480 looping completely 
25 around th© cuff, with ends passing through the shaft 41 0 of th© instrument, and fastened to th© 
actuation handte 448, in a msnnor which lets the drawstring mov© with th© arms keeping th© 
drawstring essentially taut 

InitteJ insertion of th© d©vic© is accomplished with th© bag 434 disposed around th© 
straightened mm 436, all situated in the instrument shaft 410. 
30 Separating th© ends 491 of th© strings 490 from th© insertion tool external to th© body will 

allow th© insertion tool to b© withdrawn. The arms 436 will slid© out of the cuff 448, and the drawstring 
ends 491 will pass through th© shaft 410. This will leave the bag 434 behind with th© drawstring ends 
coming out of the trocar. An internal pressure seal may be affected at th© proximal end of the shaft 
410 or within the shaft. 

35 ln a folJrtn to"" of the present invention, a remotely operated device comprises an elongate 

housing, and an elastic surgical screen which can be constrained within the housing. The surgical 
screen is employable from within the housing to assume an expanded memory shape. In the 
expanded shape the surgical screen can have any of several functions. Th© screen can act as a duct 
screen, to collect calculi or calculus fragments, and to prevent the movement of calculus fragments in 
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an undesired direction. The screen can act as an emboli screen, to prevent the movement of emboli 
at or near an operative site. The screen can act as a surgical tool, to hold or maintain a mass, such 
as a tissue mass, in a localized area. Generally, the screen is removed from the patient in its 
expanded memory shape, simultaneously removing calculi or residual calculus fragments, emboli or 
emboli fragments, or other internal masses. The surgical screen is preferably moveable to a third 
position wherein the surgical screen is partially or fully retracted, and at least a portion of it is 
constrained within the housing. 

The surgical screens of this invention are deployed with radial asymmetry from the mouth of 
the delivering catheter, and are able to traverse substantially the entire width of a duct with a 
screening means. The elastic screen comprises, for example, on© or more loops of elastic material, 
which may be partially or completely spanned by a semipermeable material; a graduated series of a 
loops; or a tassel. Remote means are provided to project, retract and/or rotate the screen means 
relative to the distal end of the housing. y 

A method of this invention for removing an internal obstruction comprises (a) inserting a 
catheter end beyond an obstruction; (b) deploying a surgical screen from the catheter end; and (c) 
retracting the surgical screen to remove the obstruction. 

A further method of this invention comprises (a) inserting a catheter end beyond an 
obstruction; (b) deploying a surgical screen from the catheter end; (c) fragmenting the obstruction; and 
(d) removing the surgical screen to remove obstruction fragments. 

An alternate method of this invention comprises (a) inserting a catheter end beyond an 
obstruction; (b) deploying a surgical screen from the catheter end; (c) fragmenting the obstruction; (d) 
retracting the surgical screen into the catheter; and (e) removing th® catheter. 

Yet another method of this invention comprises (a) inserting a catheter end beyond an 
obstruction; (b) deploying a surgical screen from the catheter end; (e) fragmenting the obstruction; (d) 
removing obstruction fragments from the operative site; (e) retracting th® surgical screen into the 
catheter; and (f) removing thQ catheter. 

Th© d®vfe®© of this invention have a variety of potential uses. A surgical screen of Jthe 
invention htmom cm b® used to rapture an unde&red mass from within a duct, for example, for 
removing a piston® from th© bile ducts; for removing a kidney stone from th® urinary system; or for 
removing an emboli from a blood vessel. Alternatively, the surgical screens ran be used during an 
operative procedure, such as to contain or hold a discrete mass for further procedures or for remove. 
For purposes of example only, and not as a limitation, reference will be mad® to calculi produced by a 
kidney and removed from a ureter using an endoscopic devic®. It is to b® understood that this is for 
simplicity of example only, and that the apparatus, methods and teachings will b® similarly applicabte "fo 
a variety of uses. 

As used herein, the terp "screen" refers to a structure which is screened, perforated, 
tasseled, or sieve-like, or which functions to separate larger particulate matter from smaller particulate • 
matter, or, more preferably, to separate solid matter from fluids. 
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As used herein, the term "surgical screen" refers to a screen means which is comprised of an 
elastic material, preferably a shape memory alloy, and more preferably a pseudoelastic shape 
memory alloy. The surgical screen is compressible for delivery to the operative site. The "operative 
site" can be, for example, a surgical site, a biopsy site, the site of an angioplasty procedure, the site of 
a diagnostic procedure, and the like. Once present at the operative site the surgical screen is 
deployed from the housing, expands to its memory shape, and substantially spans the width of the 
duct. A tissue "mass" refers to a discrete unit of tissue, a calculus, an embolus, a prosthetic device, 
and the like. 

The surgical screen preferably demonstrates radial asymmetry: it is not deployed radially 
from the housing opening. When deployed from the catheter, the surgical screen is unconstrained, 
and expands to traverse the duct In general, at least 80% of th© width of the duct will be within the 
perimeter of the surgicar screen. More preferably, the surgical screen is slightly larger than th© 
diameter of the duct, and gently expands apart against th© walls of th© duct when in th© expanded 
configuration. When the surgical screen is used to localize a tissue mass outsid® a duct the mass is 
preferably contained at the surface of th© surgical screen. Preferably two or more surgical screen 
devices of different sizes are available during a procedure. When needed, th© surgeon assesses th© 
size of screen necessary for tissue protection and/or internal mass collection, and selects a screen 
which has an appropriate size, shapa and/or filt©r pore size. 

Th© surgical screen is on© or more wire or a strip of elastic material. Th© term "elastic 
material" is used herein to mean a material that has spring-teproperties. that is, it is capabl© of being 
deformed by an applied stress and then springing back, or recovering, to or toward its original 
unstressed shape or configuration wh@n th© stress is removed. The elastic material is preferably 
highly elastic. The material can bs polymeric or metallic, or a combination of both. Th© use of metals, 
such as shape memory alloys, is preferred. Shape m©mory alloys that exhibit ps®udeetesticity, in 
particular superelasticity, ar© ©spscfelly preferred. Th© elastic materials herein exhibit greater than 
1% elastic deformation, mar© generally greater than 2% elastic deformation. Preferably, the elastic 
materials herein exhibit greater than 3% elastic deformation, more preferably greater than 4% elastic 
deformation. 

The surgical screen differs from the prior art in several key aspects. Th© surgical screen is 
not radially deployed from th© housing, nor is th© housing preferably centered in a duct when th© 
screen is expanded, as has been the case in the prior art . Prior art stone baskets, for example, 
provide a radially deployed basket, into which the stone is snagged. Removal of the stone is 
dependent upon the successful engagement of the calculus within the body of the device, so that the 
calculus is substantially enclosed within the basket The devices require manipulation of the deployed 
basket to ensnare the stone for removal. Stone removal is directly related to the ability of th© 
operator to snag the stone with the basket In contrast, the surgical screen traverses th© diameter of 
a duct, and the inserted end of the catheter remains near the perimeter of duct Using a device of this 
invention, the stone does not have to be caught within th© screen, but is removed at th© surface of the 
screen as the catheter and screen are withdrawn from the duct This provides more control and 
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requires less manipulation than prior art devices. The devices of this invention ar@ therefore less 
likely to damage duct walls during stone withdrawal than those of the prior art. Devices of this 
invention are retractable back into the housing for withdrawal, if desired. 

Similar numbers refer to similar function throughout the Figures. The Figures are drawn for 
5 clarity and are not drawn to scale^— FVfjrJIL- 
[=^9 , °\ H J ^9 ure 4-tshows 0^1he intro jurtion^a a jrgical screen housing 10, in this case a catheter, 
' In^jhe (jc^deddu|t 15; gg^acerfienrtrf the distal end 17 of the housing beyond the calculus 20a; 

Q^ploymalt'oftrw surgical screen 25; and fllgffragme^SWoTthe calculus 20a. The calculus 
fragments 20b can be retracted from the duct with the withdrawal of the catheter housing 15. In an 
10 alternative embodiment (not shown) the calculus 20a is retracted from the duct without fragmentation. 

The surgical screen, when expanded, will have a diameter substantially similar to the inside 
diameter of the duct being cleared. For example, when used within a ureter, the diameter of th© 
surgical screen will be from about 1 mm to about 1 cm. When used within a bil© duct, th© diameter of 
th© surgical screen will be from about 1 mm to about 1 cm. When used within a blood vessel, th© 
1 5 diameter of the surgical screen will be from about 1 mm to greater than about 5 cm. When used to 
remove a tissue mass which is not within a duct, the surgical screen will b© from about 1 mm or 
smaller to about 8 cm or greater. Th© preferred diameter of th© surgical screen will vary with th© 
specific application and with th© specific anatomy of the patient In general, th© diameter of a surgical 
screen will be from about 1 mm or less to about 5 cm or greater, mora generally from about 2 mm to 
20 about 3 cm. 

Th© housing 10 is preferably an elongate sheath, having an axial bor© th©r©through. Th© 
housing 1 0 can bs flexible or rigid, and the rigidity can vary by region. Standard catheters and 
laparoscopic devices well known to th© art are appropriate. Th© axial bor© is sized to receive th© 
surgical screen 25 in a constrained configuration. Th© axial bore opsns to th© environment at th© 

25 inserted deployment end 1 7. Opposite th© inserted deployment ©nd 1 7 is th© actuator ©nd (not 

shown). Th© actuator ©nd can inelud© rings, knobs or ridges, for example, for ©as© of integration with 
a separat© actuator m©an§ (not! shown). Suitable actuator means inelud© slid©r mechanisms, pistol 
grip or thum& actuated mechanisms, scissors handles, and syringe-plunger mechanisms. Thes® and 
others are vasffl known to th© art Th© specific type of actuator mechanism is generally determined by 

30 the personal preference of th© surgeon. 

The specific configuration and dimensions of the housing will vary with the use of the device, 
the parameters of the surgical screen 25, and whether access for additional laparoscopic or 
endoscopic devices is provided. In general the axial bore, into which th© surgical screen is 
constrained, will have an internal diameter of from less than about 1 mm to about 2 cm or greater. 

35 The outer diameter of the housing 1 0 will vary with the application and the size of the 

expandable screen. The housing in an endoscopic device will have a diameter of from less than 
about 0.7 mm to about 4.5 cm or greater. The length of endoscopic devices will be from less than 
about 10 cm to about 3 meters or greater. The housing in a laparoscopic device will have a diameter 
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of from less than about 3 mm to about 1 .5 cm or greater. The length of laparoscopic devices will be 
from less than about 5 cm to about 20 cm or greater. 

The end of the surgical screen housing possesses sufficient lateral integrity that it is not 
significantly deformed by the pressure exerted by the constrained surgical screen. When an 
5 endoscopic device of this invention functions as a catheter and there is little lateral support in the main 
body of the catheter, the inserted end of the catheter may require reinforcement to provide consistent 
constraint of the surgical screen element. For example, the surgical screen of this invention can be 
delivered to the operative site using the instrument channel, or working channel, of standard 
endoscopic devices. Such standard endoscopic devices may also include other devices, especially a 
1 0 laser, lithotriptor, visualization means, or crushing stone basket in separate lumina. In a device having 
a rigid housing, such as a laparoscopic device, the inserted end of the housing can have the same 
•physical attributes as th e remainder of the body of the housing. 
F n'cjS- °l5-fg- As shown injure 4 J the surgical screen is moveable between a first position (tjgureZsH) 
wherein the screen is ^consfrainej ff iflttje housing and assumes a constrained shape, and a 
1 5 second position figure 4-2b, Figure «-2c and Rgure wherein the screen means extends past 
the distal deployment end and assumes an expanded memory shap©. In the expanded memory 
shape the screen means acts as a surgical screen. After us®, the surgical screen and the housing are- 
removed from the patient If desired, the surgical screen can b© removed in its expanded memory 
shape, simultaneously removing, for example, calculi or residual calculus fragments. Alternatively, the 
20 surgical screen is retracted into the housing, assumes a constrained shape, and is replaced within the 
axial bore before the constrained surgical screen and the Housing are removed from the patient This 
method can be used when residual calculus fragments, for example, have been removed by irrigation 
and/or aspiration^- pfos ^S-^fr c. a<l c 
CB6ure4*2-shows a longitudinal cross sectional view of atasseted surgical screen. Asggure 
25 4-2ajshows, the housing 110 maintains the constrained surgical screen 1 12 in a compressed 
configuration. Attached to th@ constrained surgical screen 1 12 is a connecting means 114. The 
connecting maans 1 14 can bs, for example, a bar, flexible wire, sheath, and the like. If a guide wire is 
to be used, th© connecting means 1 14 can include a lumen for placement of the guide wire. 
Alternatively, a guid@ wire can b® introduced using a separate lumen. The connecting means 1 14 
30 connects the surgical screen to th© remote means (not shown) wi)teh projject jetract. or rotate the 
surgical screen relative to the distal deployment opening.^ure^ibTl^i&gshow the 
expanded surgical screen 125 in various degrees of deployment By varying th© amount of 
deployment, and thus the diameter of the surgical screen, d. the operator can maximize the screening 
effects of the surgical screen while minimizing potential damage to th© duct wall due to surgical screen 
35 expanston, or due to the withdrawal of the expanded screen from the body. 
ft S 1 7 *l£igur© 4-3>hows one embodiment of a surgical screen 225 of this invention. Three elastic 

3 — —strips or wires form concentric loops in their expanded configurations. Thes© strips or wires form a 

surgical screen 225 suitable for removal of entire calculi, or of calculus fragments. It will be obvious to 
one skilled in the art that while three loops which are curved along their length are pictured, other 
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configurations are also appropriate for use with this invention. One, two, four, or more loops can be 
used. The loops can be fairly regular (as shown), or they can be eccentric, scalloped, rounded, oval 
or irregularly shaped. The degree of longitudinal curvature, and curvature across the width of the 
screen, can be varied to suit the desired application. The loops can be spaced relatively widely, 
especially where an unfragmented calculus is to be removed, or they can be spaced fairty Glosely 
together, especially where a calculus is to be fragmented and/or calculus fragments are to be 

removed. A perforated sheet can be suspended across a loop of a multiloop surgical screen, similar 

^ — — - F [Q\ S • I Ob " (07 
to the configuration shown in(Figure 4=§/ Alternatively, a perforated sheet can be suspended between 

any two loops of a multiloop surgical screen (not shown). 
m (oT^^ 9ure 4-4jhows a side view of a tasseled surgical screen 225 of this invention. 
Enlargements show various end treatments for the tassels. Pictured are (a) an elastic wire which 
terminates in a self-closing loop; (b) an elastic wire that terminates in a blunted or truncated end; (c) 
an elastic wire that terminates in a knob of added material, such as a plastic; and (d) an elastic wire 
that terminates in a knob formed of the elastic material itself. Each individual strand which makes up 
a tassel filter can be substantially straight along its length, or it can be curved, wavy, or undulating in 
two or three dimensions. The strands can be substantially similar in configuration, or they can be 
different Pfq5- 10£>~"107 

figure 4^shows a surgical screen which includes an elastic loop 238, an elastically 
deformable ring or loop of elastic material, which is spanned by a barrier material 234. The elastic 
loop 236 is preferably pseudoelastic, and more preferably a shap^ memory alloy. As shovel, a 
connector 228 can be used to orient the surgical screen sharpfylacross the duct The pictured 
connector 228 is an extension of the elastic loop 236. Alternatively, the connector 228 can integrate 
with, but be separate from the elastic loop 236. 

The diumeter of tho elastic loop 236 will vary with the diametor of dues for which it is intended, 
as discussed above. The depth of arc described by the barrier material 234 when suspended from 
the memory loop is from !e$8lhan about 1 mm to about 1 cm or greater. The surgical screen can 
provide a s^ck-lik© structure which substantially encloses a calculus. The calculus can then be 
removed wJSheyfc fragmentation, or it can be fragmented. If the calculus is fragmented, the pieces can 
be removed wi» th© surgical screen, they can be aspirated or irrigated from the face of the surgical 
screen, or thQ sultan! screen ran be retracted and the fragments ran b© washed from the sit© by 
normal duct fluid ftet#. 

The barrier material is a flexible and biocompatible material. When constrained, the barrier 
material 234 is collapsed and furled around the constrained elastic loop 236. The barrier material is 
sufficiently thin that it can be folded, furled, or gathered, together with the elastic loop 236, to fit within 
the housing. The composition of the barrier material will reflect the specific use of the surgical screen. 
In one embodiment the barrier material is substantially permeable to fluids. In such an embodiment 
the barrier material is a web, net or grid, perforated sheet and the like, and is substantially permeable 
to body fluids and other liquids, such as normal saline solution or gases, which might be present 
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during surgical procedures. Suitable materials include nylon or dacron netting or screen, or a grid of 
elastic material. 

Th© surgical screen is compressed and loaded within the housing. In this constrained 
configuration, the screen device can be sterilized, packaged and stored for later use. The screen 
device (i.e., surgical screen and housing) is preferably a disposable device. 

In one preferred embodiment, a device of this invention comprises (a) a housing having a 
distal deployment opening; (b) a surgical screen which is constrainable within the housing, the 
surgical screen comprising an elastic material; and (c) remote means to project, retract and/or rotate 
the surgical screen relative to the distal deployment opening; th© surgical screen being moveable 
between a first position wherein the surgical screen is constrained within th© housing, and a second 
position wherein the surgical screen is extended past the distal deployment end and assumes an 
expanded shape. 



A device of this invention can be used in a variety of procedures, such as th© capture^n 
undesired mass from within a duct. For example, a device of this invention can b© used to remove a 
gallstone from the bile ducts; to remove a kidney stone from th© urinary syst©m; or to remove an 
embolus from a blood vessel. A surgical screen of this invention can b© us©d during an operative or 
surgical procedure, to contain or hold a discrete tissue body for further procedures or for removal. For 
purposes of example only, and not as a limitation, reference will b© methods for removal of a calculus 
from a uret©r, wherein th© devic© housing is a catheter. It is to b© understood that this is for simplicity 
of example only, and that the apparatus, methods and teachings will b© similarly applicable a variety 
of such uses. 

In on© method, th© deployment end of a housing containing a surgical screen is partially 
inserted into a human or animal patient A guid© wire may or may not b© us©d for placement of th© 
devic©. When a guid© wire is used, it is introduced into th© uret©r and ptec©d appropriately, e.g., 
beyond an obstruction. A eath©t©r is slipped over th© guid© wire. Th© guid© wire is th©n removed, 

o 

and th© surgical screon is ©xt©nd©d beyond th© deployment end of th© eath©t©r . Th© guid© wir© 
preferably pmom through a s©parat© lumen in th© catheter. Alternately, th© guid© wir© can pass 
through th© e^9i©ter lumen which houses th© surgical screen, in which case th© connecting means 
can b© tubuteir and pravid© an internal bore to accept the guid© wire. Alt©mativ©ly, th© guide wire can 
pass through th© axial bore of th© housing adjacent the connecting means, or th© gutd© wire can b© 
introduced through a bore or slot within the connecting means. Th© surgical screen can b© 
radiopaque for ease of placement at the operative site. 

A method for removing an internal obstruction comprises (a) inserting an ©nd of an elongate 
housing, such as a catheter end, beyond a mass, such as a calculus; (b) deploying a surgical sensor 
from the housing end; and (c) retracting the housing and surgical screen to remove th© mass. 
Alternately, the calculus can be fragmented before removal. Calculus fragmentation can be by, for 
example, lithotripsy (ultrasound), mechanical fragmentation, or laser fragmentation. This method 
comprises (a) inserting a catheter end beyond a mass; (b) deploying a surgical screen from the 
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catheter end; (c) fragmenting the mass; and (d) retracting the catheter and surgical screen to remove 
mass fragments. 

Yet another method of this invention comprises (a) inserting a catheter end beyond a mass; 
(b) deploying a surgical screen from the catheter end; (c) fragmenting the mass; (d) removing mass 
fragments from the operative site; (e) retracting the surgical screen into the catheter; and (0 removing 
the catheter. The use of this method prevents calculus fragments from migrating from the 
fragmentation site where they cannot be retrieved and can act as nucleation sites for further 
obstructions. Fragments of the obstructing mass which remain can be removed, for example, by 
flushing the operative site with normal saline or other liquids, by aspiration of the fragments, by 
mechanical means, or by a combination of means. 

As a separate embodiment of this invention, it has been discovered that stone baskets of the 
prior art can be advantageously made of a shape memory alloy, preferably a pseudoelastic shape 
memory alloy, and more preferably a superelastic shape memory alloy. Th© attributes of, and 
processes for obtaining, such shape memory alloys have been discussed above. 

Stone baskets use a trap, or cage, effect They facilitate passage of the obstruction (e.g., a 
calculus or other mass) inside th© basket, but then prevent escap© of th© obstruction wher\,ii is in 
place in the basket The basket and obstruction ar© then withdrawn. Prior art ston© baskets include - 
baskets of helically deployed wires (U.S. Patent 4,347,846, to Dormia), baskets of fiat spring strips 
(U.S. Patent 4,590,938 to Segura et al.). baskets which facilitate th© insertion of a prosthesis (U.S. 
Patent 4,592,341 to Omagari et al.), baskets which ar© used to capture and then crush th© calculus 
(U.S. Patents 4,691,705 and 4,741,335 to Okada. and 4,768.505 to Okada et al.). 

Ston© baskets generally are classed as medical retriever davicss. They ar© adapted for 
delivery and use through a cath©ter, or through th© working channel of an endoscops. Stone baskets 
generally comprise a narrow, elongated sheath; a basket of relatively Isrg© diameter extendible from 
the distal end of th© sheath and collapsible) when withdrawn into th© sheath; and a remote msans to 
project retract and/or rotate th© basket relative to th© distal end of th© sheath. Th© basket is defined 
by a multiplicity of spaced apart, outwardly bowed spring arms or wires which ©xtend generally axially 
from the sh©uth, and ar© joined at each of the distal and proximal ends of th© basket 

Th© us® of shapa mamory alloys which exhibit pseudoalasticify in th© ston© baskets of the 
prior art allow th© us© of thinner arms (wires or strips, as th© cas© may be) in th© makeup of a basket 
having a desired expanded diamster, or permit a much greater deformation of th© basket upon 
deployment This permits the use of catheters or working channels having a significant decreased 
diameter than those of the prior art Introduction of a thinner shapa mamory alloy ston© basket 
catheter beyond a calculus is easier than introducing the ston© basket catheters of th© prior art The 
increased diameter and/or thinner wires produce a stone basket which is easier to use than those of 
the prior art. The thinner wires and/or larger diameter provide more unimpeded area into which the 
blocking calculus can be captured for removal. 

In a fifth form of the present invention, a remotely operated device of this invention comprises 
an elongate housing, and a retractor of a shape memory alloy. Remote means are provided to 
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project retract and/or rotate the retractor means relative to the distal end of th© housing. Th© 
retractor preferably comprises one or more loops of a shape memory material. The retractor is 
preliminarily constrained within a housing, such as a laparoscope or an endoscope. It is deployed 
from within the housing at an operative site. The retractor is generally used to manipulate organs or 
other tissues. The retractor can be replaced within the housing. The housing is then withdrawn from 
the patient. 

The shape memory retractor means is a strip or wire of a shape memory material \&hich forms 
one or more loop in the expanded configuration. All or part of the retractor can bo spanned by a 
semipermeable or permeable membrane. 

A remotely operated device of this invention comprises an elongate housing having a distal 
end and a proximal end; a retractor of a shape memory alloy; and remote means to project, retract 
and, optionally, to rotate the retractor means relative to the distal end of th® housing. The retractor 
comprises one or more loops of a shape memory material. A loop can be substantially round, oval, or 
shaped like a teardrop, for example, or it can be eccentric in its shap®. When two or mors loops are 
present they can b® of similar shape, or they can b© dissimilar in shap®. Two or mor© fingers or 
lobes can be present On® or more loop can be partially or completely spanned by a membran®. Th® 
proximal ends of th© retractor loop can integrate with, or function as, th® r©mot© means to project 
retract and rotate th© retractor means relative to th© distal and of th© housing. 

The retractor is preliminarily constrained within th© housing. Th© retractor is deployed at an 
operative site, where the retractor is used, for example, to manipulate organs or other tissues. The 
retractor can be moved back to th© preliminary position, so that th© retractor is again constrained 
within the housing. The d©vic© can then be repositioned and th® retractor redeploy©d at an alternate 
site, or the housing can b© withdrawn from the patient 

Th© operative sit© ran b®, for ©xampl®, a surgical sit©, biopsy sit©, th® sit© of diagnostic 
procedures, and the lik©. For purposes of example only, and not as m limitation, reference will b© 
made to a housing which is a c^ttetor. It is to be understood that this is for simplicity of example only, 
and that th© apparatus, m©theds and teachings will b® similarty applccabt© to d©vte©s in which th© 
housing is, for ©xampl©, a laparoscopic or alternate endoscopic devic©. 

As ussd herein, th© term "retractor" refers to a looped retractor means which is comprised of a 
shape memoffy altoy. Th© retractor is preferably a pseudoelastic shap© memory altoy, and most 
preferably a superelastic shap® memory alloy. Th® shape memory altoy can hav© a biocompatible 
coating, if desired. 

The retractor differs from the prior art in several key aspects. Th© elasticity compressible 
retractor material makes use of the property of shap© memory to achiev© its desired effect Materials 
which are deformable and which return to a predetermined shap® demonstrat© shap© memory. 
Spring steel and plastic materials, for example, can demonstrat© shap© memory. Preferably, the 
compressible retractor material is a shap® memory alloy (SMA) which demonstrates pseudoelasticity 
when deformed under an applied stress. Articles made of a pseudoelastic shap® memory alloy can 
be deformed from an original undeformed configuration to a second deformed configuration. Such 
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articles revert to the undefbrmed configuration under specified conditions, and are said to have "shape 
memory. 0 

The use of an SMA which exhibits pseudoelasticity has the advantage that the amount of 
elastic deformation that is available is large compared with that available from many other materials. 
The large amount of elastic deformation of the elements allows the device to be used to form 
retractors of relatively large dimension and relatively eccentric shape, while simultaneously ensuring 
that the device has a small transverse dimension when the retractor elements are constrained within a 
__Jiousjng^llowing the device to pass through small passages or surgical entry sites. 
1BX — ([Figure &j)shows a cross-sectional view of the distal end of a retractor device of this 



10 invention. The retractor 8 is constrained within the housing 1 0. The distal (inserted) deployment end 
12 is shown. Remote means to project and retract and optionally to rotate, the retractor is located at 
the proximal end of the device (not shown), and is in the direction of th© arrow. The housing 10 is 
preferably an elongate sheath, having an axial bore 14 therethrough. Standard catheters, endoscopic 
and laparoscopic devices well known to the art are appropriate. Th© axial bor® 14 is sized to receive 

15 the retractor 8 in a constrained configuration. The axial bor© 14 op©ns to th© environment at th© 
deployment end 12. 

The specific configuration and dimensions of the housing will vary with th© us© of the devic©, 
the parameters of the operative sit©, th© size of th© retractor, th© mas© of tissue or th© prosthetic 
device which is to be manipulated, and whether access foe additional laparoscopic or endoscopic 

20 devices is provided within a retractor devic©. In general th© axial bona 14, into which th© retractor is 
constrained, will have an internal diameter of from less than about 1 mm to about 2 cm or greater. 
The outer diameter of th© housing 1 0 will vary with th© application, th© diameter of th© axial bor©, and 
whether access for additional or alternate instruments is provided within th© housing. For example, 
the housing in an endoscopic device will hav© a diameter of from less than about 0.7 mm to about 4.5 

25 cm or greater. The length of endoscopic devices will be from less than about 10 cm to about 3 meters 
or greater. Th© housing in a laparoscopic devic© will hav© a diameter of from less than about 3 mm to 
about 1 .5 cm or greater. Tho tength of laparoscopic devices will b© from less than about 5 cm to 

o 

about 30 cm er greater. 

Th® Q5^ of th© retractor d©vic© possesses sufficient lateral integrity that it is not significantly 
30 deformed by th© pressure exerted by th© constrained retractor. The housing 10 may b© rigid or 
flexible, and its rigidity can vary along its length. When an endoscopic d©vic© of this invention 
functions as a catheter, and there is little lateral support in th© main body of th© catheter, the inserted 
end of the catheter may require reinforcement to provide consistent transverse compression of the 
retractor element A retractor of this invention can be delivered to th© operativ© site using th© 
35 instrument channel, or working channel, of a standard laparoscopic or endoscopic devic©. Such a 
standard device may also include other devices, especially a cautery device, laser, lithotriptor, 
visualization means, scalpel means, and the like, in one or more separate lumina. 
r fo « \0^1 (§9ure 5-2^hows a top view of an expanded retractor of this invention. Th© retractor 1 08 has 
Wr&Tloops 1 16 which fan out from th© housing 110 upon deployment On© or more of th© loops can 
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be spanned by a membrane (see figure ^^While three loops are shown, it will b© apparent to one 
skilled in the art that one, two, four, or more loops can be provided to form the retractor. While the 
loops 116 pictured are substantially drop-shaped, other configurations are easily imagined.- The loop 
or loops 1 16 can be, for example, round, oval, triangular, square, rectangular, irregularly shaped, and 
5 the like. When two or more loops are present the loops can be substantially similar in shape, or they 
can be dissimilar in shape. 

The loops 1 16 can overlap, or they can be be substantially independent from one another. In 
such a case a deforming pressure placed upon one loop perpendicular to the general plan© of th© 
loop will deform that loop, but will not affect the other loops. In a preferred embodiment the loops 116 

10 are interconnected and/or overlapping, and a deforming pressure placed upon on© loop perpendicular 
to the general plane of the loop will be transmitted to the other loops. All loops thus act together, 
providing strength across the width of the retractor. The loops can b© coated with a biocompatible 
material. The coated or uncoated loops can have a surface that prevents slippag© of th© retracted 
tissue. For exampl©, th© biocompatible coating can provid© a roughened or non-slippery textur© to th© 

15 loops. Alternatively, th© loops can hav©-gentl© ridges or serrations upon all or part of th© exposed 
surface. ■ 



(Figur© S^jshows a top vi©w of an expanded retractor of this invention. This preferred 
retractor 108 has thre© lob©s, or finger means 118 which fen out from th© housing 110 upon^ ^F^ - 
deployment On© or more of th© fing©r means can be spanned by a membran© (sed^Fjgur© S^). J 1 * 
20 Alternatively, one or more of th© spaces between fingers can b© spanned by a membran© (s©g(fjgure 

> S -ni^ ^ 

(Tigur© §S shows a top view of another expanded retractor of this inv©nti©n. This retractor 
108 has on© loop means'. 1 16 which ©xpands upon deploy m©nt from th© housing 1 10. As shown, th© 
loop is spanned by a permeablo, s©mip©rm©abl© or substantially impermeable membran© 120. Th© 
25 membrane 120 is preferabty mad© of a flexibl© and imp©rrr^bte biocompatibte nr®t©riiil. Th© 

membrane is sufficiency thin that it ran b© folded or gathered, together with th© ©lastfcally defbrmabl© 
retractor means 108, to fit within th© housing 110. Suitabl© m©mbran© materials includ© sheets of 
polyethylene poSyvinyl chloride, urethane, silicon© rubber, and th© lik©. 

In an nJtemntiv© embodiment th© membrane 120 is substantially imp©mrt©abl© to tissu©, but is 
30 generally pormeabt© to body fluids and other liquids which might b© present during surgical 

procedures. In this embodiment, th© membrane 120 can b© a grid of shape memory material, a net a 
web, and the lik©. Suitabl© materials include perforated, webbed or nett©d polyethylene, polyvinyl 
chloride, urethan©, silicon© rubbsr, and th© lik©. 
F^ft ' lO Hfigure 53 shows a top view of yet another expanded retractor of this invention. This retractor 
35 1 08 has two lobes, or finger means 1 1 8 which fan out upon deployment from th© housing 110. The 
space between the fingers is spanned by a membrane 120. 
^^Ji3^ v/ (Figure S^Jshows a top view of an alternate expanded retractor of this invention. Emerging 
from the housing 1 10 is a retractor 108 which has two loops 1 16. As shown, a smaller loop 1 16a is 
nested within a larger loop 1 16b. In the pictured embodiment the smaller loop 1 16a is spanned by a 
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membran© 120. It will be apparent to one skilled in the art that any number of such loops, in various 

configurations, whether or not spanned by a membrane 120 either across or between loops, can be 

provided to form the retractor^^— — pjgg, 1 1 *4 — ) t ^ 

{figures 5-7 through 5-1j3show side views of a deployed retractor of this invention. 

^ x^igure §^z)shows a side view of a deployed retractor of this invention. The amount of elastic 

curvature of the retractor 208 is greatest at the base of the retractor, where the retractor emerges 

from the housing 21CL- — * UfL 
***** ^ ' 

(Figure 5-8Jshows an alternate side view of a deployed retractor of this invention. The amount 
of elastic curvature^ the retractor 208 is fairly consistent across the length of the retractor°208. 



figure 5=gJshows yet another side view of a deployed retractor of this invention. The retractor 
l^vC^Js- 208 has the smallest radius of curvature at its distal end. 

In figure 5-1flJ the retractor 208 is substantially straight upon deployment from the housing 

^f\Qure 5-lj}shows a retractor 208 which is gently curved. 

15 g£Figure§ 5-12 and 5-1^h^altem^end views of an expanded (unconstrained) retractor, 

Tt^S 1 I ^ "G^ Ch 33 shown b y arrow E i^^wr© ^10) In end view, the expanded retractor ran be flat However, r- ^ 
using th© shape memory material retractors of this invention, other cwfigugtons ar© possible^Figun^ 
SrlJ^hows a retractor which is gentfy curved across its width, (jb^'r© a retractor 308 

which is asymmetrical: it is flattened on one side, and curved or hooked on th® other side. These 

20 configurations find particular application when the mass to be gentty manipulated by the retractor is 
substantially parallel to th© length of th© retractor devic© or retractor housing. As us©d herein, the 
term B mass D refers to a tissue mas©, or to a prosthetic devic©. Other configurations in addition to th© 
flattened silhouett©, and th© curved configurations shown irnBgur^ 5-12 and iSMjH will b© readily 
apparent to on© sfdlted in th© ait For ©xampl©, th© retractor msy b© shurpHy ungted, or it may b© 

25 twisted along its length. Th© f©fr§ctor may also have curvatur© in two or mom directions in any of fh© 





^ ired. A 

retractor of this invention ran comprise, for ©Ksmp*©, the thre®-fingered shap© cf^igflre^^ curved 
along its tengSh m shown injure S^and curved along its width as shown in f^ur© 5-f|J Such a 
30 retractor is g©n©ralty cup-shap^. ^L2j_li^ ^ t~ 7fo * ' 19 

^ figures 5-14 and 5-lj^show alternate cross-sectional views of a constrained retractor, taken 
at lin©£f-©?of (£taure&£ _£fgur© ^^owS 1 ^traS^mad© of wires 408 having a circular cross 
section, the retractor beirig ddnsfiiined within the housing 410. £Fjgur© 5-15>shows a retractor of strioo 
408 having an oval cross section. It will be clear to one skilled in the aft that many other wire or strip 
35 cross-sections are equally appropriate for use in the retractors of this invention. For example, th© 
retractor can be made of a strip member which is squared, rectangular, triangular, and the like. A 
cross-section such as th© oval shap© of^j gug^-1 S^p nerally preferred for the retractors of this 
invention. Such a cross-section provides strength upon the application of force which is perpendicular 



o o 

MP135SCOM-US6 



to the general plane in which the retractor is elastically deployed, but provides minimized dimensions 
and resistance upon constraint of the retractor within the housing 410. 

In one preferred embodiment a device of this invention comprises (a) a housing having an 
axial bore with a distal deployment opening; (b) a retractor which comprises a loop shape, the 
retractor being constrainable within said axial bore, and the retractor comprising a shape memory 
alloy; and (c) remote means to project and retract, and, optionally, to rotate, said retractor relative to 
the distal deployment opening. The retractor is moveable between a first position wherein the 
retractor is housed within the axial bore and assumes a constrained shape, and a second position 
wherein the retractor is extended past the distal deployment end and assumes an expanded memory 
shape. 

The retractor is compressed and loaded within the housing. In this constrained configuration, 
the retractor device can be sterilized, packaged and stored for later us®. The retractor device (i.e.. 
retractor, housing, and deployment means) is preferably a disposable device. When needed, the 
surgeon visually assesses the size of retractor necessary for tissue manipulation, and selects a 
retractor which has an appropriate diameter, curvature and/or membrane. 

In use, the device is partially inserted into a human or animal patient and used to manipulate 
organs or other tissues at an operative site. A guide wire may or may not b© used for placement of 
the device. When a guide wire is used, it is introduced into th© operative site and placed 
appropriately. A catheter containing a retractor is slipped over th© guid© wir®. Th© guid© wire is then 
removed, and the retractor is extended beyond the deployment end of the catheter. The guide wire 
preferably passes through a separate lumen in th© catheter. Alternatively, th© guid© wire can pass 
through the catheter lumen which houses the retractor. The retractor can b© radiopaque for ease of 
identification and use at the operative site. 

A sixth form of th© present invention provide a sheath-protected blade wherein the sheath is 
substantially straight When it is constrained within the sheath, the blad® i@ substantially linear. Upon 
deployment from the sheath, th© blade is unconstrained, and assumes a configuration which is 
elastically deflected away from th© longitudinal axis of the sheath. The blade is an elastically 
deformabl© material, preferably a pseudoelastic material, and more preferably a shape memory alloy. 

On© or more exposed edge of the elastic blade can provide a cutting edge. Exposed surfaces 
which are blunted can provide a means for manipulation of tissues or artificial devices. 

A remotely operated devic© of this invention comprises an elongate housing, and an elongate 
blade which can be linearly constrained within the housing. The elastic blad© is deployabl© from 
within the housing, and assumes a curved unconstrained shape upon deployment Remot© means 
are provided to project and retract and optionally to rotate, the elastic blad© relative to the distal end 
of the housing. Alternatively, remote means are provided to project and retract the sheath relative to 
the elastic blade. 

The sheathed blade device of this invention differs from the prior art in several key aspects. 
The sheath is substantially straight along its length. When constrained within the sheath, the elastic 
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blade is also substantially straight along its length. When deployed from the sheath the elastic blade 
assumes, as much as possible, its curved unconstrained shape. 

The blades of this invention are curved (e.g., curled or twisted) along their length to a greater 
or lesser degree. The degree of curvature can be consistent along the length of the blade, or the 
5 curvature can vary in degree and/or in direction. A cutting surface can be provided at any desired 
exposed edge of the blade. Whenjje unconstrained shape of the elastic blade is generally 
semicircular (such as shown id^gure 6=80 a cutting surface can be provided along the sides of the 
blade (such as shown in^jgur|§ 6-13, ^6"^ ^Itgrpa tively , a cutting surface can be 
provided at the tip of the blade (sucn as snown lo^ures toorov ide a scalpel 

1 0 which has a cutting surface directed 1 80° from the^s^lng'ollie 1 sra^i. ^V^ing t?ie amount of 
deployment of the blade varies the cutting angle, so that a blade can be provided in which the cutting 
surface is angled from 0° to 180° or greater from the axis of th© sheath. 

The elastic nature of the blade allows for a complete retraction of the blade into the sheath for 
a complete protective enclosing of the blade, protecting both the blade and the body tissue during 
1 5 both the insertion and removal of the instrument The sheath not only protects the blade but also 
guides and directs the blade whereby the extension of the blade from the sheath can comprise a 
cutting movement of the blade, rather than merely a means for exposing the blade for subsequent 
manipulation. The user, upon selection of the appropriate elastic blade (i.e., a blade having a desired 
curvature and position of cutting edge), orients the sheath, and then extends the blade. The blade is 
20 extended either by moving the blade outward from the sheath, or retracting the sheath relafiv© to the 
blade. 

Similar numbers refer to similar function throughout the Figures. The Figures are drawn for 
clarity and are not drawn to seal®. 
^ 0*3 ' 1^3 ^ Cfigure 6-33§ external view of a device of this invention. The housing 10 is an elongate 

25 member, having an axiul bor© therethrough. The housing ha© a distal end 12, which acts as a sheath 
for the elastic blade, and a proximal end 14, which provides integration with a means to project and 
retract the ©tesite bted© retotiv© to the distal end of the housing 10. Between the distal end 12 and the 
proximal end 14 is th© housing body 16. 

The tending preferably also includes a remote means 18, the actuation of which causes the 

30 elastic biad© to be deployed from th© housing, or the housing to be retracted from th© blad©. Th© 
remote means 18 can b© actuated by any manual or motorized means (not shown). In one 
embodiment, as pictured, two finger rings 20 are part of the proximal end 14. An additional thumb ring 
22 is part of the remote means 18. When the thumb ring 22 is depressed, th© elastic blade (not 
shown) is deployed from the housing at the distal end 12. The pictured rings are for eas© of handling. 

35 Alternatively, knobs or ridges, for example, can be provided for eas© of integration with a s&parate 
actuator means (not shown). Separate actuator means include slider mechanisms, pistol grip or 
thumb actuated mechanisms, scissors handles, and pistol-grip mechanisms. These and others are 
well known to the art The specific type of actuator mechanism is generally determined by the 
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personal preference of the surgeon. The orientation of the blade relativ© to the actuator mechanism 
can be configured to suit the specific application or the preference of the surgeon. 

The distal end 12 of the housing acts as a sheath which constrains the elastic blade in a 
substantially linear configuration. It possesses sufficient lateral integrity that it is not significantly 
5 deformed by the pressure exerted by the constrained elastic blade. When an endoscopic device of 
this invention is a catheter and there is little lateral support in the housing body 16, the distal end 12 of 
the catheter may require reinforcement to provide consistent constraint of the elastic blade (not 
shown). In a device having a rigid housing, such as a laparoscopic device, the distal end 12 of the 
housing can have the same physical attributes as the remainder of the housing. Standard endoscopic 
1 0 and laparoscopic devices well known to the art are appropriate for us© with the elastic blades of this 
invention. 

The housing body 16 of a device which is used in laparoscopy must have sufficient structural 
integrity that it is easily inserted through a surgical opening into the body of the patient without undue 
deformation. Materials with sufficient structural rigidity include stainless steel and rigid polymeric 
1 5 materials such as plastics. The material of the proximal end of th© housing 14, th© material of th© 
housing body 16, and the material of the distal end 12, can b© th© same, or ran have different 
physical properties. For example, the housing body 16 used in endoscopic surgery will generality b© 
flexible, to allow insertion through naturally occurring orifices, ducts, and/or passages, or to allow 
insertion through th© working channel of an endoscop©. Suitabl© poly merie material includes 
20 polytetrafiuoreihylene, polyurethan©, polyethylene, teflon, and th© lik©. Th© material of such a flexible 
housing may b© reinforced at th© distal end 12 with fibers, rings, or longitudinal ribs, for example, to 
enable it to withstand th© forces exerted on it by th© elastic bted© white it is constrained within, and 
deformed by, th© housing. 

The specific configuration and dimensions of th© housing 1 0 will vary wffii th© us© of th© 
25 device, the param©t©rs of th© ©testfe blad©, and wh©th©r access for additional laparoscopic or 

^^_endosoopte devices is provided. Th© housing 10 can be substantially uniform along its length, as 

p^T\^ shown^KRgurQ ^llorfteiin vary in diameter or shape, as shown irfjjgur© i3^f©ferabfy, th© 

housing 10 h&g d circuit eros©-s©ction. A circular cross-section permits delivery of an elastic blad©^3l 
of this invento through a standard laparoscopic trocar, or through th© instrument chann©! of a 
30 standard endoscope. However, other cross-sections may be pr©ferabfe t for example, te adapt an 
endoscopic device to th© orifice through which it will enter th© body. 

In general, the housing in an endoscopic device will have an outsid© diameter of from less 
than about 0.7 mm to about 4.5 cm or greater. The length of endoscopic d©vic©s will be from less 
than about 10 cm to about 3 meters or greater. The housing in a laparoscopic device will have an 
35 outside diameter of from less than about 0.3 mm to about 1 .5 cm or greater. Th© length of 
lap aroscopic de vices will be from less than about 5 cm to about 30 cm or greater. 
P tC|S lO^*" P^v ^9 ur@ s " 2 an d Figure &3\ar© alternate cross-sectional views of a d©vic© of this invention, the 
cross section being taken vertically along the longitudinal axis of the distal end 12 offpigur© 6-l7 

i 1 — p*z + \Q3* 
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'^Figure S^Sfiows the distal end 1 12 of a housing 1 10 which is mad® as on® unit An axial 

o 

bore 130 runs axially through the housing. At the proximal end 132 of the axial bore 130, the axial 
bore can have any convenient size and shape. In general the axial bore will have an internal diameter 
of from less than about 0.5 mm to about 2 cm or greater. At the distal end, the axial bore becomes 
flattened, and forms the sheath bore 134 for the constrained elastic blade 136. The sheath bore 134 
is sized to slidably accept the constrained elastic blade 136, and to constrain the elastic blade 136 in a 
substantially linear configuration. When the elastic blade 136 is fully housed within the sheath bore 
134, the sheath bore 134 contains at least those portions of the elastic blade 136 which have cutting 
edges. Preferably the cutting edges of the elastic blade 136 do not touch or rub against the sheath 
bore 134 when stored, or upon deployment or retraction, as such contact can dull the cutting edges. 

In general the proximal end 1 32 of the axial bore 1 30 will be circular and relatively large, to 
facilitate the loading of the connecting means 1 38 and the elastic blade 1 36 within the sheath. A 
circular conformation is for general ease of manufacture and handling, and alternate conformations 
can be used, as desired. The proximal end 132 of the axial bore 130 houses the connecting means 
138. The connecting means 138 can be, for example, soldered or otherwise affixed to the elastic 
blade. Alternatively, it can be a continuation of the elastic material used to form the elastie o blad© 136. 
-^^^(^gure 6^]shows the distal end 1 12 of a housing 110 which is mad© as two units. On© unit te". 
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a tube 140 through which extends an axial bore 130. A bushing 142 is fitted within the tub©, for 
example by press fit or by thread. The bushing 142 provides th© sheath bore 134 for th© constrained 
elastic blade 136. The bushing 142 can be made of any suitabl© material, polymeric and/or metallic. 
It may be desirable to pass an electric current through the elastic blad© 138, so that the elastic blade 
136 acts as an electrocautery devica In such an embodiment th© bushing ran be a non-conducting 
polymer, and it can act to keep th© elastic blade 138 electrically insulated from th© housing 110. The 
elastic blade 138 is h©td foir reciprocal motion by th© connecting means 13®. 
25^-^^Rgure S^h an alternate cross-sectional view of th© distal end 1 12 of a housing 1 1 0 of this 
P£ invention, th© cross secfcon being tak©n vertically along th© longitudinal axis. In this ©mbodiment the 
housing 1 10 is a m©tal or plastfe tub© which has been flattened at on© end. Th© flattened end 
provides th© sheath bor© 134 in which the elastic blade is slidably constrained. Th© elastic blade 136 
is held for r©e$ps®eaJ motion by th© connecting means 1 38. ^ * 

30 I' ^© housing 1 10 is a tubular structure having a flattened ©nd ( as shown if^igur© S^fitmay 

be desirable to provid© a covering of any suitable material (not shown). Th© covering provid©s a 
uniform outer dimension for th© device. A covering which provides a substantially uniform circular 
cross-section is advantageous if th© blade device is to b© introduced into th© body through a standard 
laparoscopic trocar, or through the instrument channel of a standard endoscope Th© covering acts to 
35 minimize the escape of fluids (either liquid or gas) from the body. The covering ran b© made of a 
^f ^meric m aterial such as polyurethane, polyethylene, and the lik©^^— VTpj * 
fv^Ji^ 63s a cross-sectional view of the device of^jgur© 6^tak©n across the longitudinal 

^e^S^\m£^b] The housing 210 surrounds the axial bore 230. Within th© axial bor© is th© 
\ connecting means 238. The connecting means 238 ran have any suitabl© cross-sectional shape. In 
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the shown embodiment the connecting means 238 spans axial bore 230 to minimize lateral motion as 
the sheath and elastic blade (not shown) are moved longitudinally relative to each other. If an electric 
current is passed through the connecting means 238 and the elastic blade, so that the elastic blade 
acts as an electrocautery device, it may be desirable to include a layer of a non-conducting material 
5 (not shown) around connecting means 238 to insulate the connecting means 238 from the housing 
210. ^ f fej ^ j=fa - &± 

figure &i)is a cross-sectional view of the device of\Fjgure 63taken across the longitudinal 
axis at line^^The housing 210 surrounds the sheath bore 234. Within the sheath bore is the elastic 
blade 236. ^ fc- 8 

1 0 One or more edges of the elastic blade 236 can remain dull, and can aid the non-cutting 

manipulation of tissues or artificial devices during surgery. For instance, the blade can have no 
cutting edges. This minimizes the amount of trauma to surrounding tissues upon manipulation of the 
blade. More generally, the elastic blade 236 has one or more sharpened edges 240. The sheath bore 
234 is substantially flattened, and holds the elastic blade 236 so that th© elastic blade 236 is 
15 constrained linearly. In a preferred embodiment, the sheath bor© 234 is slightly enlarged in the region 
of th© sharpened edges 240. This acts to protect the sharpened blade from weaF as it is deployed 
from, and withdrawn into, the housing. Alternatively, th© sheath bor© 234 closely mimics th© outer 
shape of th© elastic blad© 236. Other embodiments are also possible, such as a sheath bore 234 
which is substantially rectangular or eccentric, and such embodiments will b© readily apparent to on© 
skilled in the art^_- -^-q . 

(figure 6=£}s a cross-sectional view of a cutting edge of a cutting blad© of this invention. A 
cutting edge can be provided at any edge of th© elastic blad?. In a preferred embodiment, the edge of 
the elastic material is beveled, and provides a cutting blade.^rfjgur© 6^i7shows a cutting edge which is 
beveled on both sides. Th© bsvel or bevels can be at any approprtS© a^l from th© plane of th© 
25 blad©. When two bevels are present they can have th© same angte of bavel, or different angles of 
bevel. Irff^ugygyh|b©v©ls ar© & and e degrees from th© plan© of th© blade. Alternatively, only 
one bevefm^' & present (not shown). Th© honing of an edge to form a cutting blad© is weir known in 
the art If desired, th© cutting blade can be serrated. The cutting edge is preferably derived from th© 
beveled elastfe material itself. However, it may be desirable or necessary to provide a honed blad© 
30 edge to th© elastic material. This additional blade can be added mechanically, as shown in^u&l 
12) Alternatively, two or more elastic materials can be used to form the blad®. For example, a non- 
^^cu ttJng elas tic blade can be combined with an elastic alloy blade having a euffingedg©__^ pfa . IS3 
£S- |3Q-V33 j^ gure 6-8 trough Figure 6-7TJare side views of th© devic© of ggure^when the elastic 
blade is deployed. A cutting surface can be provided at any desired exposed edg© of th© blade. 
• 35 / v3o~~ : ^2 Ure & S shows an elastic blade 336 wr »ch is substantially semicircular upon deployment 
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blade, as shown, or the curvature can vary, i.e., the elastic blade can have a uniform or non-uniform 
radius of curvature. 
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<Jigure Scg/fchows an elastic blade 336 which describes an S-shaped curve upon deployment 

from the housing 31(U- — f^rci \33. 
s< ^^y/ — ij * -~ 

\Figure 6-lQ)shows an elastic blade 336 which is twisted along its longitudinal axis upon 
deployment from the housing 310. The elastic blade is shown having a clockwise spiral, but 
counterclockwise spirals, and combinations of the two, are also appropriate for use herein. 

T^jFjgure 6-lDshows an elastic blade 336 which is sharply curved in the region closest the 
housing 310. and substantially linear in the region furthest from the housing 310. 

>o2jgure 6-lSshows a standard surgical blade 350. which is attached to a strip of elastic 
material 352 by a mechanical means 354. The standard surgical blade 350 is not curved. However. 
1 0 the strip of elastic material 352 is strongly bent and upon deployment from the housing it acts to bend 
the surgical bla de 350 sharply away from the housing 310. 
FiQ^. \35^H l ^^jgures 6-1 3 through 6-l|/are each a top view of an alternate elastic blade of this invention. 

(figure 6-ljubhows a top view of an elastic blade 436 which has on© longitudinal sharpened 
(cutting) edge 460. p7*) • 1 ^ 

p \°\ • \ 3gT ^® Ute 6=J ^ shows a top view of an e,astic b,ad ® 436 in wh 'ch the entire perimeter of the blade 
^- provides the sharpened edge 460. 

P^cy ^[figure 6-lJ/shows a top view of an elastic blade 436 in which only the most distal surface 

provides the sharpened edge 460. 
I ^Z&- — (Figure 6-1§]shows a top view of an elastic blade 433 in which only th© most distal surface 
20 provides the sharpened edge 460. Th© sharpened edge 460 has two angled sections. 460a and 
460b; each of which is angled relative to the longitudinal axis of th© blade. Th© angled sections can 
have any desired degree of angle relativ© to th© longitudinal axis of th© blad©, and th© degree of angle 
for each sect ion can be similar to. or dissimilar to. that of the other section. 
^" c fl ' ffiC tSsur© 6-1 Jshows a top view of an elastic blad© 436 in which an outwardly curved surface 
25 . provides the sharpened edge 460. 

pYg^/f^o ifjsur© 6-18^how§ a top view of an elastic blade 436 in whieh an inwardly curved surface 
provides the sharpened edge 460. 

. I ^f^xEiSure ®-l£ihow§ a top view of a preferred embodiment of the elastic blad© 436 in which the 

'distal perimet©f of th© blade provides the sharpened edge 460. and th© proximal edges of the blade 
30 are unsharpened. The width of distal section of the elastic blad© 436 is somewhat less than th© width 
of the proximal section. The distal portion of the elastic blade having the sharpened edge 460 is 
narrower than proximal unsharpened portion, so that the sharpened edge 460 will not touch the sides 
of the sheath bore. The sharpened edge 460 is therefore protected during th© process of deployment 
and retraction of the elastic blade 436. 

35^. v Tigure 6-2o]shows a top view of an embodiment of the elastic blade 438 in which all edges of 

^Y^J^?the blade are unsharpened. This embodiment is preferred when the blade is not used to cut tissues, 
and can function to manipulate tissues or artificial devices. 

The elastic blade is compressed and loaded within the sheath. In this constrained 
configuration, the blade and sheath can be sterilized, packaged and stored for later use. 
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In on© preferred embodiment a device of this invention comprises (a) a housing having a 
distal deployment opening; (b) a curved elastic blade which is linearly constrainable within the 
housing; and (c) remote means to project and retract the elastic blade relative to the distal deployment 
opening; the elastic blade being moveable between a first position wherein the elastic blade is linearly 
constrained within the housing, and a second position wherein the elastic blade is extended past the 
distal deployment end and assumes a memory shape. 

In a preferred embodiment, a blade of this invention comprises an elastically defbrmable 
curved blade. 

According to a seventh form of the present invention, it has now been discovered that a 
pivoted two-bladed device, such as a forceps, scissors, snips, and the like, can be combined with an 
elastically deformable stem. Remote blade actuator means are used to cause the blades to splay 
apart or come together. An elastic member and a constraining member, for deforming the elastically 
deformable stem, are present. The elastic member and the constraining means are longitudinally 
slidable relative to one another, causing the angular deformation of the elastically deformable stem. 

The elastically deformable stem includes an elastic member which is substantially linear when 
it is constrained, and assumes a substantially non-linear shape when it is unconstrained. When a 
constraining elongate housing is present and serves as th© constraining member, the elastic member 
is moveable between a first position wherein the elastic member is linearly constrained within th© 
housing, and a second position wherein the elastic member is deployed from the housing and is 
unconstrained. Alternatively, the housing is moveable between a first position wherein th© elastic 
member is linearly constrains, and a second position wherein the elastic member is unconstrained. 
The elastically deformable stem, which includes the elastic member, assume a nonlinear shape. The 
amount of deformation of th© elastically defbrmable stem can be controlled by adjusting the amount of. 
the elastic member which is not constrained by the elongate housing. 

If the device does not include an elongate housing, and in embodiments in which the elongate 
housing is present but its not a constraining member, an internal constraining member is present The 
deformation of the ©lastically deformable stem can be controlled by moving the elastic member 
between a firg8 position wherein the elastic member is linearly constrained, and a second position 
wherein th© otestte member is substantially unconstrained. Alternately, the deformation of the 
elastically deformable stem can be controlled by moving the constraining member between a first 
position wherein th© elastic member is linearty constrained, and a second position wherein the elastic 
member is substantially unconstrained. Between the first constrained, position and the second, 
unconstrained, position, is a range of partial or variable deployment 

The elastic member is formed of an elastic material, preferably a pseudoelastic material such 
as a shape memory alloy, which is capable of being greatly deformed without permanent deformation. 
This provides an improved instrument that can be used in applications in which there is a limited 
amount of space. The instrument can be operated remotely, and at angles to the line of insertion, 
more conveniently than previous instruments. The instrument , with appropriately configured blade 
edges and/or tips, can be used to grasp, cut. and/or dissect tissue. 
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A remotely operated instrument of this invention comprises (a) a bladed element having a first 
pivoted blade, and a second opposing blade; (b) an elastically deformable stem connected to the 



member which can constrain the elastic member in a substantially linear configuration; (d) a blade 
actuator means for controlling pivotal motion of the pivotable blade(s); and (e) a stem deforming 
means for controlling deformation of the elastically deformable stem. A separate blade rotator means, 
for controlling rotation of the plane through which the blade(s) are pivoted, is preferably included. 

An alternate remotely operated instrument of this invention comprises: (a) a bladed element 
having opposable blades including a first blade which is mounted for movement relative to fche second 
blade; the first blade being moveable between a closed position wherein the axes of the blades are 
substantially parallel, and an open position, wherein the axes of the blades are deflected from the 
. parallel; (b) an elastically deformable stem including an elastic member which is substantially non- 
linear in its unconstrained shape; (c) a constraining member which constrains the elastic member in a 
substantially linear shape; (d) a blade actuator means, said blade actuator means controlling position 
of the opposing blades between the open position and the closed position; and (e) a stem deformation 
controlling means. A rotation means, for controlling the plane of the blades, is preferably included. 

The elastically deformable stem includes at least one elastic member which assumes a linear 
configuration when constrained, and which is curved when unconstrained. The elastic member is held 
in a constrained configuration by ths presence of the constraining member. Elastic materials which 
are suitable for use in the elastic member include pseudoeiastHc and superelastie materials, as 
described below. 

When an elongate housing is present and acts as tha constraining member, the instrument is 
moveable between a first position wherein the elasticity deformable stem and, optionally, the bladed 
element, are sr© within th© housing, and a second position wherein th® bladed element and at least 
part of the elastically deformable stem are deployed from the housing. Tho etesiically deployable 
stem includes an elastic member which is curved at a predetermined angle with respect to the 
elongate housing when th© elastically deformable stem is deployed from th© housing. When the 
housing acts m &g constraining member, varying the amount of deployment of the elastically 
defbrmabte stem vari©§ the angte of presentation of the bladed element 

In an alternate embodiment, the elastic member is constrained in a linear configuration by the 
action of an internal constraining member, such as an internal constraining rod. Movement of the 
internal constraining member relative to the elastic member causes variable deformation of the 
elastically deformable stem. An elongate housing may or may not be present in embodiments in 
which an internal constraining member is present. 

The bladed instrument can comprise a grasping device (e.g., a forceps), a cutting device 
(e.g., a scissors), or a dissecting device. 

A surgical instrument of this invention consists essentially of: a bladed element having 
opposable blades, at least one of which is pivotally mounted for movement; a blade actuator means 
for causing pivotal motion of the pivotable blade(s); an elastically deformable stem connected to the 



bladed element, the elastically deformable stem including an elastic member (c) a constraining 
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bladed element; and a variable constraining means for causing deformation of th© elastically 
deformable stem. 

The instrument is particularly useful in applications in which access to an object to be cut 
grasped, or dissected is restricted. For example, the instrument is especially useful in medical 
applications in which the object to be cut, grasped, or dissected is part of a human or animal body. In 
such applications, the surgical instrument generally includes or is passed through a sheath in the form 
of a cannula, catheter, or endoscope. The distal end of the sheath is introduced through an opening 
into a body cavity, duct, or joint, for example during laparoscopic surgery. 

The instrument may also be useful in the assembly of mechanical, electrical or other 
equipment, especially when access to the worksite is limited, or when the worksite is located at an 
angle to the access. 

The instrument includes an elastically deformable stem, so that the bladed element can be 
variably angled away from the angle of introduction. When an elongate housing (e.g., a sheath) is 
present, the bladed elements can be arranged such that the axis on which th© elements cut grasp, 
and/or dissect the object is not coaxial with the axis of at least a significant portion of the e&ngate 
housing. 

The elastically deformable stem includes at least one elastic member, which is mad® of an 
elastic material. Th© elastic member is manufactured in a non-linear shap©. For example, the elastic 
member is manufactured having one or more (generally one),bend, curve or twist Th© bend, cu/ve or 
twist can describe any desired angle. The angte described by th© elastic member is generally less 
than 270 e , more generally less than about 180°. For many applications, an angte of about 90° is 
preferred. Th© angle described by th© elastic member in its unconstrained shap© is th© maximum 
amount of deformation which can b© attained by th© elasticity defomiabl© stem. 

Th© elastic m©mb©r is d©ferm©d (constrained) from th© b©nt configuration towards th© straight 
configuration, and h©fd in th© straight (constrained) configuration during positioning of th© instrument 
Preferably, th© btedod ©J©m©nt is fully functional when th© blades ar© not housed within th© elongate 
housing, wh©to or not th© ©testiealfy deformable stem has been deployed. Wh©n th© elastically 
defbrmabt© stem is to assum© an angled (unconstrained) configuration, th© constraining member is 
removed. Wfczn ffiQ ©lastfcalSy deformable stem is constrained by an elongate housing, th© housing is 
withdrawn te pmm th© ©testfe m©mb©r to regain its bent (unconstrained) shap©, and thus &eform the 
elastieally deformabl© stem. Wh©n th© elastically deformabl© stem is constrained by a constraining 
rod, for example, th© rod is preferably withdrawn to permit th© elastically deformabt© stem to regain its 
bent (unconstrained) shap©. Alternately, the elastic member ran b© deploy©d beyond th© constraining 
member to permit the elastic member to assume its unconstrained shap© and to d©fbrm th© elastically 
deformable stem. 

The amount of deformation of the elastically deformable stem can b© variably controlled 
between the maximum and the minimum by manipulation of th© constraining member. Th© 
constraining means is generally a longitudinally slidable rigid member. Th© constraining member can 
comprise, for example, a stiff elongate housing, or a substantially linear stiff constraining rod. 
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Altematively, th© constraining member can be fixed, and the elastic member can be slidable relative to 
the constraining member. 

The elastically deformable stem can be, for example, a rod, one or more wires, a hollow 
tubular element, or the like. 
5 When the instrument includes a housing which acts to constrain the elastic member into a 

substantially linear shape, the housing and the elastically deformable stem are moved longitudinally 
relative to each other to release the elastic member from lateral constraint The elastic member 
regains its original (unconstrained) non-linear shape, and thus to deform the elastically deformable 
stem. This approach is shown in graphic cross-section irfyRgure F^ffS * ^^""iSQ 

1 0 Alternatively, the elastically deformable stem can include a substantially linear constraining 

rod. This constraining rod deforms the elastic member into a substantially linear shape. As the 
constraining rod and the elastic member are withdrawn relative to one another, th© elastic member 
regains its original non-linear shape and causes the elastically deformable stem to deform. This 
approach is shown in graphic cross-section in figure 7^___^ p-P^S* \S|-lS_3 
15 ln vet another embodiment (not shown), the instrument includes a substantially linear 

constraining means which has a fixed position. This constraining means deforms th© elastic member 
into a substantially linear shape. As the elastic member and th© constraining rod are withdrawn 
relative to on© another, th© elastic member regains its original non-lin©ar snap© and causes th© 
elastically deformable stem to deform. 

The elastic member of th© elastically deformable stem comprises an elastic material which is 
substantially linear in its constrained configuration, and is carved in its unconstrained, or "memory 0 , 
configuration. Th© term "elastic material" is used herein to mean a material that has spring-like 
properties, that is, it is capable of being deformed by an applied stress and then springing back, or 
recovering, to or toward its original unstressed shape or configuration when th© stress is removed, 
i The elastic material is preferably highly elastic. The material cs^ ba poryrnsric or metallce, or a 
combination of both. The us© of metals, such as shap© memory alloys, is preferred. Shap© memory 
alloys that exhibit pseudeatestieiiy, in particular superelastjcity, are ©specially preferred. The elastic 
materials hereto exhibit greater than 1% elastic deformation, more generally greater than 2% elastic 
deformation. Preferably, th© elastic materials herein exhibit greater than 4% elastic deformation, more 
preferably greater than 6% elastic deformation. 

Preferably, th© elastic member is at least partially formed from a pseudoelastic material, such 
as a shap® memory alloy. 

« ^ ____Jhe Figures are drawn for clarity and are not drawn to scale. 

(^Figure 74>hows a bladed instrument of this invention. As shown, a scissors-type blade 

actuator mechanism 1 1 0 controls the pivotal movement of the blades 1 12. A finger-activated stem 

deformation controlling means 1 14 is used to control the deployment of th© bladed element 1 16 and 

the elastically deformable stem 1 18 from the elongate housing 120. A rotator mechanism 122 js 

shown in the form of a knob, and is used to rotate the elastically deformable stem 1 18 and the bladed 

element 1 16 around the long axis of the elongate housing tt. Each of th© actuator mechanism 1 10. 
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the stem deformation controlling means 114, and the rotator mechanism 122 can take any suitable 
manually operated configuration. The specific configuration of each of the actuator mechanism 1 10, 
the stem deformation controlling means 1 14, and the rotator mechanism 122 can be the same, or they 
can be different, as shown. Examples of suitable manually operated mechanisms include one or more 
slider, pistol grip handle, scissors handle, and/or plunger arrangement These and other such devices 
are well known to the art. 

An elongate housing 120 maintains the elastic member 124 in a substantially linear 
configuration prior to deployment of the elastically deformable stem 1 18 and the bladed element 116. 
Upon full deployment from the elongate housing, the bladed element 116 assumes a position which is 
at an angle from the elongate housing 120. It should be noted that the angle 0 between the elongate 
housing 120 and the bladed element 1 16 can be any number of degrees desired. As shown, angle 0 
is approximately 60°. Angle 0 is defined by the axis of the elongate housing Q, and the plane which is 
perpendicular to the axis of the pivot 126 around which the blades pivot Angle 0 can be any desired 
angle. Preferably a rotator mechanism 122 is provided, and permits rotation of the bladed element 
1 1 6 and the elastically deformable stem 1 1 8 around the long axis of the elongate housing S. The 
rotation of the bladed element 1 16 is preferably independent of the amount of deployment of the 
elastically deformable stem 118. 

The elongate housing 120 is an elongate sheath having an axial bom (not shown) 
therethrough. The axial bore is sized to receive the elastically deformabl© stem and, optionally, the 
bladed element, in a constrained configuration. The axial bore can have a consistent dimension 
through the length of the elongate housing 120, or th© axial bore can widen and narrow as necessary 
to conform to the shap© of th© elastically deformable st©m 118 and, optionally, to th© bladed element 
116. 

In general, th© elongate housing 120 can be ftexibl© or rigid, and th© rigidity can vary by 
region. When the elongate housing does not act as th© constraining m©mb©r, an alternate 
constraining m©mb©r (such a© an internal constraint) must b© pr©s©nt Standard cathetef^and 
laparoscopes d©vec©s well known to th© art are appropriate housings for th© bteded ©tement and the 
elastically d©fesmabl© stem. Th© stiff-sheath elongate housing of Figur© 7-1 can b© polymeric or 
metallic, for ©xampf© stainless steel. A preferred stiff elongate housing is a rigid ©tongate tube of 
stainless ste©J. 

The elongate housing 120 can be circular in cross-section, but oth©r cross-sections may be 
preferable in some situations. For example, squared, oval, or eccentric cross-seetfons can b© used. 
The elongate housing can be substantially uniform in cross-section along its length, or it can vary. 

The specific configuration and dimensions of the elongate housing 120 will vary with the use 
of the device, the parameters of the bladed element, and whether access for additional surgical 
devices is provided. The outer diameter of the elongate housing will vary with th© application and the 
size of the bladed element For example, the elongate housing in a laparoscopic d©vic© will have a 
diameter of from less than about 3 mm to about 1 .5 cm or greater; the length of a laparoscopic device 
will be from less than about 20 cm to about 30 cm or greater. 
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ln any of the embodiments of this invention, a suitable means may be provided for passing a 
fluid (liquid or gas) through the device for irrigation, aspiration, insufflation, and the like. In any of the 
embodiments of this invention, electricity may be passed to one or both end portion(s) of the blade(s) 
for purposes of electrocautery orelec^^ f-fgS- l^M^lST? 

5 (Figures 7-2a through^-^djare side views of the distal end of an instrument of this invention. 

The instrument shown in figure 7-2jfyqludes a rigid elongate housing 128 which acts as the 

constraining means. FcqS> F^ff S- 1*44 -(4 7 ^ ^ |t|cj or 

\H5 As shown 'M^gjJre 7-M the instrument is moveable between a first position (j^gur© 7-2a or 
•^-^ Figure 7-2bJ wherein the elastically deformable stem 132 is constrained within the elongate housing 
10 128, and a second position ^j ^re7-^ wh erein the bladed element 130 and th© elastically 

deformable stem 132 extend past trie constraint of the elongate housing 128 and assum© a memory 
shape. In one embodiment, both the elastically deformable stem 132 and th© bladed element 130 are 
fully retractable into thgto^gag^ousing 128, as shown in^Sgur© 7-2$ Between th© first positiM (iJ£- 
and that shown in^jgt^eT^) are degrees of deployment (for exampl© that shown in^ureV-Sb and /fZ 
Figure 7-2cJ) in which the bladed element 130 is deployed sufficiently for us© (^jg u^ ^^.^ d in 
which the elastically deformable stem 132 is partially deployed j^^r©7-^^n an a?emat© 
embodiment the bladed element 130 is not retractable into th© etongSri!© housing 128. Such an 
embodiment is demonstrated in^^r^J ^thro^7-^ j hes© varisbl© degr©©§ of partial 
deployment allow th© operator to choos© 1 ^© angl© of deflocffon that th© bladed el©m©nt assumes 
20 relative to the elongate housing 128. (Pivotal actuation of th© blades is not shown in this series of 
figures.) 

After use, th© instrument is removed from the worksit©^Wh©n th© worfesit© is within a patient 
the elastically deformabl© st©m 132 and, optionally, th© blad©d element 130, ar© retracted back into 
the elongate housing 128 befer© th© instrument is removed from th© pati©nt th© various elements 
25 therefor© resume th© configuration shown ir^Fj^re 7-2^a|or© r©mov©I. If only th© ©lasttealiy 
deformabl© st©m 132 is retracted back into th© eI5^SteTT50Sln@ 128 befor© th© instrument is 
removed from th© patient th© ©tem©nt§ resume th© configuration shown irt(fjgur© 7-2b]b©for© 
removal. ^ pfq % \t\$ N fS3* ( M£ 

(figure 7-2b3show§ the blades 1 34 free of the elongat© housing 128. Th© blades 1 34, the 
30 pivot 1 36, and other elements necessary for pivotal motion of on© or more blsd® (but not including the 
blade actuator) comprise the bladed element 1 30. A portion of th© elastic msmbsr 1 38 is shown. In 
the pictured embodiment the elastic member 1 38 comprises two strips of elastic material, oach strip 
being secured to th© pivot 136. The elastic member 138 can have any desired cross-sectional shape, 
and the cross-sectional shape can vary along its length. Preferred cross-sectional shapes include a 
35 tubular shape or rod shape, and a rectangular or roughly rectangular shaps. In th© embodiment 
shown the elastic member 138 comprises two strips which are not in the neutral plan© of bending of 
the elastically defbrmable stem 132: this is a less preferred configuration. Th© preferred placement of 
the elastic member is at or near th© neutral plane of bending of the elastically deformabl© stem 1 32, 
and is discussed further below. 
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^Jigure 7-3sfiom the bladed element 130 as it is deployed axially from the elongate housing 
128. Also shown is a portion of the elastic member 138. Shown next to the elastic member 138 is the 
blade actuator rod 140. In this embodiment, the elastic member 138 and the blade actuator rod 140 
are included within the elastically deformable stem 132. The actuator rod 140 is preferably centrally 
5 located within the elastically deformable stem. 

The blade actuator rod 140 can comprise a rod. strip, filament cord, conduit catheter, pipe, 
lever, or other suitable connecting means which allows the remote pivotal manipulation of the 
blade(s). More than one such element can be present The cross-sectional parameters otthe blade 
actuator rod can vary along its length. Any suitable material, including a shape-memory material, can 
10 be used to form the blade actuator rod 140. In one embodiment the elastic member also acts as the 
blade actuator rod 140. The blade actuator rod 140 preferably has sufficient flexibility that it does not 
interfere with the elastic deformation of the elastic member 138. The blade actuator rod 140 can be 
positioned as desired within the elastically deformable stem 1 32. Preferably, th© blade actuator rod 
140 is located in a position that does not interfere with th© longitudinal motion of the elastic member 
15 1 38 or of the constraining member, and does not interfere with th© bending motion of the elastic 
member 138. At the actuator end of the instrument (not shown), th© blade actuator rod 140 can 
integrate with an actuator means, such as a slider mechanism, pistol grip or thumb actuated 
mechanism, scissors handle, and/or plunger mechanism. Alternatively, th© actuator rod 140 projects 
proximally from the elongate housing 128, and can b© directly manipulate to caus® pivotal motion of 
20 the opposing blades. The blade actuator means includes the actuator rod 140. any apparatus 
necessary to integrate with the bladed earner* and th© actuator mechanism (W any). Th© blado 
actuator means is used remotely to open and close th© bladed ©torrent Illustrative actuating means 
are described more fully below with reference to th© drawings and include rack and pinion means, pin 
and slot means, four-bar linkages, and th© like. In certain embodiments, the actuating means may be 
25 formed of a pseudcelastie material. Th© actuating means may permit th© bladed element to be axially 
rotated. The actuating msans can also provide suitable means for irrigating or aspirating th© workfield 
^ oft he bladed ©torrents, or can conduct electrical current to on© or both of th© blades, if desired. 
\ < J3^2~~ S ' (fi^ 7-2d>ow§ the bladed element 130 in the fully deployed configuration. The elastically 
deformab^ stem 132 is fully deployed (i.e.. has achieved its fully unconstrained shape), and, as 
30 depicted, holds th© bladed element 130 in position approximately 90° from th© axis of th© body of the 
instrument J =y-gj » iMJ 

Reconstraining the elastically deformable stem 132 as shown injure 7-23 is accomplished 
by reversing the process us, by moving the elements to th© configuration shown injures 7-2c. 7- 
fgand(optionally)g2fSquentially. i^l *?g s ' | |H^4g_ 

3 j^-^® 9 ure 7 -I>rovid©J£ross-sectional views of one segment of an elastically deformable stem 
S^, U2 in C0nstrained <g£«re 7-3J. partially constrained figure 7-g). and unconstrained (figure 7-3c) 
nS^lS^ configurations. ^ El^ill * V^-lM? V - t £© 

fSt^fc^^^"™ 7 '3afehows a section of an elongate housing 144 which surrounds the elasacallT^ 
^ deformable stem 142. The elastically deformable stem 142 is fully constrained by the elongate 
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housing 144. and is in a substantially linear configuration. The elastically defbrmable stem 142 
includes an elastic member 146 in the shape of a a tube, and the enclosed blade actuator rod 148. 

The elongate housing 144 and the elastically defbrmable stem 142 are capable of reciprocal 
longitudinal motion, e.g.. are longitudinally slidable relative to one another. For example, the elongate 
5 housing 144 can be moved in direction L (arrow) to deploy the elastically defbrmable stem 142 . The 
same effect can be achieved by moving the elastically deformable stem 142 in direction R (arrow). 
Alternatively, the elongate housing 144 can be moved in direction L (arrow) while the elastically 
deformable stem 142 is moved in direction R ( arjowyp achjsve deploy ment of the elastically 
deformable stem 142. Point a is labeled ordures 7-3a, 7-3b and 7-3cJ and shows the relative 
1 0 mo vement of the elastically defbrmable stem 1 42 relative to the elongate housing 1 44. 
i Tg • Kip A ^Rgure 7-33shows the section of elastically deformable stem 142 in a partially deployed 

configuration. The elastically defbrmable stem 1 42 is partially constrained in a linear configuration by 
the elongate housing 144, and partially unconstrained. 
" A (Tigure 7 -3$shows the section of elastically deformable stem 142 in a fully deployed 
15 configuration. The elastically defbrmable stem 142 is unconstrained, and shows the maximum 
deformation available from th© specific elastic member 146. j FV^j < ^ £ 

Reconstraining th© elastically deformable stem 142 as shown in^Rgure accomplished 
J y reversing the process, i.e., by moving the elements to th© configuration shown irrfigures 7-3b]and 
ij-3jt sequentially^-- IStH 63 F^£ 1 jM^ 

20 figure T^Jprovides views of on© segment of an elastically deployabl© stem 1 50 in 

constrained ggure 7-4aj, partially eonstrainedJFjgure 7-43), and unconstrained (figure 7-4cfo 
configuration's. ^3 ' ' S] - A 1=0) - * - Fta t ^ 

. i <o\ -^(Fjflure 7-4a}show§ a section of an elastically deformabl© stem 150 which is constrained by the 

constraining rod 152, and te h©td in a substantially linear configuration. Th© elastically deformabl© 
25 stem 1 50 comprises an elastic m©mbsr 1 54, th© blade actuator rod 1 56, and th© constraining rod 1 52. 

Th© constraining rod 1 52 and th© elastically deformabl© st©m 1 50 ar© longitudinally slidable 
relative to ono anotfw. For ©xampte, the constraining rod 152 can b© moved in direction L (arrow) to 
caus® deformation of th© elastically deformable stem 1 50. The same effect can bs achieved by 

o 

moving th© ©testfeiilly deformabl© stem 150 in direction R (arrow). Alternatively, th© constraining rod 
30 1 52 can bQ moved in direction L (arrow) while the elastically deformabl© stem 1 50 is simultaneously 

moved in direc tion R (arrow), to achieve deformation of th© elastically deformabl© stem 150. Point b is 
-^pa|g8d on^ures 7-4a, 7-4b and 7-4cj and shows the relative movement of th© elastically 

deformabl© stem 150 relative to th© constraining rod 152. 

f^Q-ySgz ^(figure 7-4b>hows the section of elastically deformable st©m 150 in a partially deployed 
35 configuration. The elastically defbrmable stem 1 50 is partially constrained in a linear configuration by 
the constraining rod 152, and partially unconstrained. 
f^iOi . I ^(figurs 7-4c)shows the section of elastically deformable st©m 150 in a fully deployed 
— Configuration. The elastically deformable stem 150 is unconstrained, and shows th© maximum 
deformation available from the specific elastic member 1 54. 
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Reconstraining the elastically deformable stem 150 as shown injigure 7-4cJs accomplished 
by reversing th© process, i.e., by moving the elements to the configuration shown irfFigures 7-4bjand 
(j-te) sequentially. F^S- 16^ 

t_5J ln on ® embodiment (not shown) the elastically deformable stem and the rigid constraining rod 
5 are present only at the distal (introduced) end of the instrument, near the bladed element The major 
portion of the introduced body of the instrument is relatively flexible. Such an embodiment finds 
particular use as an endoscopic device, i.e., a device which can be introduced through naturally 
occurring openings. In the human body, endoscopic devices are appropriate for use in the respiratory 
tract (introduced through th© mouth or nose), gastrointestinal tract (introduced through the mouth. 
10 nose, or rectum), or in the urogenital tract (introduced through th© ureter or. in women, the vagina). 

The material of the flexible housing of th© endoscopic instrument may be polymeric. If made 
of a flexible polymeric material, the material may be reinforced, for example, with fibers. A suitable 
polymeric material for th© component is. for example, polytetrafluoroathylen©. reinforced with braided 
fibers. 

15 The elongate housing in an endoscopic device will hav© a diameter of from less than about 

0.7 mm to about 4.5 cm or greater; th© length of endoscopic device® will b© from less than about 10 
cm to about 3 meters or greater^^, f^fqs. \S % \"\_ yo 

figures 7-5 through^ziach show a different embodiment of th© elasticity deformable stern 
of this invention.^ A-Fl^_LEi 

20 <f|gur© 7-§g7shows a portion of an elastically deformabl© stem 1 58 and of an elongate housing 

160. Shown in cutaway view are th© blad©s 162 and th© pivot 164, sh©athed within th© elastically 
deformable stem 158. In th© shown embodiment the blades 162 must b© deployed from th© elastic 
member 166 prior to pivotal blade movement controlled by th© blad© actuator rod 168. Th© plan© 
through which th© blades 162 open can be in any orientation desired relative to th® etastically 

25 deformable stem 1 58 or to th© ©tongut© housing 1 60. 

9 • ffi -> gjgur® 7-5§ shows a cross-ssctional view of th© elastically deformable stem 158. taken 

through line^bjf^uro t-% Th© blade sctuator rod 168 is fully enclosed by th© elastic member 
A / ^ — 



166 - iSS-MSg R0l»»5f 
. 03 • 154 7 1§ 8fle ^ 8 11 of an elastically deformabl© stem 170 having a rod-and-groov© 

30 configuration, and of an elongate housing 1 72. The blade actuator rod 1 74 is partially enclosed by thQ 

elastic m©mb@r 1 76, and is partially exposed. 
°\ ' (■££■ (Figure 7-6a)shows an embodiment wherein the blades 178 and th© pivot 180 are not 
substantially sheathed within th© elastically deformabl© stem 170 when th© elastically deformable 
stem 170 is fully withdrawn into th© housing 172. The blades 178 do not need to bs deployed from 
35 the elastic member prior to pivotal blade movement, controlled by th© blad© actuator rod 1 74. The 
plane through which the blades 178 open can be in any orientation desired relative to the elastically 
deformable stem 170 or to the elongate housing 172. 
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^Figure 7-66* shows a cross-sectional view of the elastically deformable stem 1 70, taken 
through line(|^Sgof^ure 7-6jp ^he blade a ctuator rod 174 is partially enclosed in a groove in the 
elastic member 1 76. I5~M£7 ^ 

^ ~*\$* T<55* <Pjg" r ® 7-7a)shows a portion of a housing 182, and an elastically defbrmable stem 184 with a 
5 windowed configuration. The windows are shown on th© convex surface of the elastically deformabl© 
stem 184. Such windows can be present on any of th© concave or lateral surfaces of the elastically 
deformable stem 184, as desired. Any number of windows can be used, including one, two, or a 
multiplicity. 

Shown in cutaway view are curved blades 190 and th© pivot 192, which ar© substantially 
10 sheathed within the elastically deformabl© stem 184. As shown, th© blades 190 must b© deployed 
prior to pivotal blade movement When th© blades 190 ar© curved, it is generally preferable that the 
curve of the blades 190 continue th© curv© of th© elastically deformabl© stem 184, but that is not 
necessary. 

The plane through which th© blades 190 op©n can b© in any orientation desired to th© 
15 elastically deformable stem 184, or to the elongat© housing 182. In a currently preferred embodiment 
the blades 190 are not retracted into the elongat© housing 182 or into th© elastically deformabl© stem 
^184 even wh en the blades ar© fully retracted, a configuration which is shown in (ggure Pffi* 1 ^ 

f~ TV 1<5>T ~ ^(figure 7-7bjkhows a cross-sectional view of th© elasticity deformabl© st©m 184, taken 

through line^ 7b?flgigur© 7-gjTie blad© actuator rod 183 is partially enclosed in a groov© in the 
elastic m©mber 188. ^Z)£s " 




nJ Figur© 7-Tcfehows a cross-sectional vi©w of th® ©lastiealty deformabl© st©m 184, taken 



through lin©(7p-7^of£igur© 7-z3 Th© blad© actuator rod 183 is felly ©nclosed by th© elastic member 
188. ( b ^\ feo ^*S%-^, tr^Jbl 

<cigur© 7:&[demonstrat©s th© us© of an altemat© elastic m^mter 194. As shown iri^Figur© 7- 
— ^25 TSiij th© elastic member 194 is an element such as a wire which describes a closed shape in its 

unconstrained shap©. Th© ©luetic member 194 has a stem 193, which cun be a continuation of the 
elastic memfe©jr 1&4, as shewn, or can b© a handl© means connected to th© elastic member 194. 
Point g and point h ar© labeled to show th© progression of th© loop as it is withdrawn into th© 
constraining housing 198. ffjmm 7-§iiemonstrates that when th© stem 193 and th© elastic member 
30 1 94 ar© retracted into a constraining housing 1 98, th© circl© d©forms into a cupped configuration. As 
shown if 0B^J^^^ r ^^etion of th© stem 198 and the elastic member 194 into th© 
constraining Rousing i9s causes further deformation. Th© closed shape becomes narrowed and 
sharply angled. This occurs because as the sides of th© closed shape tak© less stress to rotate out of 
the plane of the undeformed shape than to straighten within the plan© of th© undefomrted shape. The 
35 figure thus deforms by bending at the apex, with the sides rotating out of th© plan© of th© undeformed 

shape rather than. ^ pf^S - ^ | y - ) ^3 

^Figures 7-8d, 7-8e and 7-£f£how the incorporation of th© closed shape o^Fjgures 7-8a, 7-8b ' 
and 7-8cj respectively, into an enclosing flexible sheath 200<j^igures 7-8d^7-8e arp 7-ijJre side 
views of the flexible sheath 200 and constraining housing 198 whichSs Stfie Ending which takes 
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place as the stem (not shown) and the circular elastic member (not shown) ana drawn into the 
constraining housinj|JjifL_- pj^S-. I k"7~~ - PTcj 



Iff ^ 
(Figure 7-3d4monstrates another method of constraining an elastic member, ^fgure 7-9£J 
shows two unconstrained elastic members 202a and 202b. Each is curved when it is not constrained. 
Each is capable of independent rotation. As shown injure 7-9aJ the elastic members 202a and 
202b are angled away from each other. 

>f (figure 7-9jj|shows the elastic members 202a and 202b held within a flexible sheath 204. The 
sheath causes each elastic member to act as a constraint for the elastic member having an opposite 
bend. As a result, the flexible sheath 204 is straight 

figure 7-9sJ shows the elastic members 202a and 202b held within a flexible sheath 204. 
Elastic member 202b has been rotated to align its curve to the curve of elastic member 202a. The 
sheath bends to conform to the bend of the two elastic members 202a and 202b. f Fffi 



"7 




\^ag | fo^ ni7n?S^ res 7 ' 9d trough 7-9fJraphically represent th© forces involved in figures 9a through^, ^S23 
— ^ respS5Bvely, as represented in top view. ^ pj v g ((?7 

^_ 1 5 ^--^J^igure 7t9d^epict8 vectors for the elastic members 202a and 202b. as shown in<£jgur@ 7-_9§j/ " 
( " e= ^ 0 \" Elastic member 202a is shown as a vector arrow pointing to th© left; elastic member 202b is shown as 
a vector arrow pointing to the right 



p^ig ■ ill ^ ^Rgure T^depicts vectors for th© elastic members 202a and 202b as shown in £jgur© 7-9jf 
' The flexible sheath 204 is shown. Th© flexible sheath 204 doss not curv®, a§ th© forces exerted by 
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the elastic member 202a are cancelled out by the forces exerted by elastic member 202b. 
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fdi ✓ ^^S5^ 9Ur@ 7= §y d@picte v@ctorg for ^© ©'astic members 202a and 202b, as shown ir^uneT^ 
iTieflexible sheath 204 is shown. The flexible sheath 204 curves to th® left, represented by th© 
resultant arrow 205. The vector forces exerted by the elastic member 202a are reinforced by the 
vector forces exerted by elastic member 202b. 

Figure 7-8gjb©peeis alternate vectors for elastic members 202© and 202b. Th© flexible sheath 
204 is shown. Elastic membar 202© is represented by a vector leftward, whil© elastic member 202b is 
represented by © vector which te at a 90° angle from that of elastic member 202©. Th© forces exerted 
by the elastse membor 202© ar© only partially reinforced by th© forces exerted by elastic member 
202b. Th© floxibte sh©©th 204 curves to the upper left, represented by th© resultant arrow 203. 
jgura 7-9^)d©pcetg another vector set for elastic members 202© and 202b. Th© ftexibi© 




. \ 73l sheath 204 i§ shown * Elastic member 202a is represented by a vector downward, while elastic 
^ — D-—- member 202b is.represented by a vector to the right The forces exerted by th© elastic member 202a 
are only partially reinforced by th© forces exerted by elastic member 202b. The flexible sheath 204 
curves to the lower right, represented by the resultant arrow 207. 
35 ^^"Tjjjure 7-9j3epicts yet another vector set for elastic members 202a and 202b. Th© flexible 
f^iCl I IS sheath 204 is shown - E,astic m©mber 202a is represented by a vector downward, as is elastic 
— 3- member 202b. The forces exerted by the elastic member 202a are reinforced by the forces exerted 
by elastic member 202b. The flexible sheath 204 curves to the bottom, represented by the resultant 
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arrow 208. By rotation of on© or more of the elastic members 202a and 202b, the flexible sheath 204 

can b© curved throu gh a 360° circle. p i^S . I "7 (o 1 "7 7 

(Rgur© 7-lEfhows a device of this invention having two pivoted blades, each blade having a 
longitudinal slot next to the pivot ^^c\ K \ 1U 
5 (figure T^T^fe^aTide^iew of an instrument in the unconstrained configuration with a partial 

cutaway near the bladed element. A bend of approximately 90° is present in the elastically 
deformable stem 210. The actuating rod 212 is enclosed within the elastic member 214. The 
movement of the actuating rod 212 and of the elastically defbrmabl© st©m 210 ar© preferably 
independent, and each is controlled by longitudinal motion of th© proximal ends. Opening and closing 
10 of the blades is caused by reciprocal motion of the proximal portion of the actuating rod 216. 
Deflection of the elastically defbrmabl© stem 210 is caused by reciprocal motion relative to th© 
elongate housing 220 of the proximal portion of th© elastically defbrmabl© stem 21§^^ g \1U 

--^77^^^ 7-10^ shows a cut-away top view of th© instrum©nt otj^uroT^I^T^o blades 222a 
— ^ *hiU 222b ar© present As shown, each blade is V-shaped. In a preferred embodiment not shown, 
15 each blad© is substantially straight A pivot 224 is present intermediate to th© ends of the blad©. Th© 
pivot allows pivotal motion of th© two blades, and holds th© blades in position on th© elastically 
defbrmabl© stem. A longitudinal slot 226 is present in each blad© proximal to th© pivot Th© two 
blades 222a and 222b ar© moveable between a closed position, wherein th© axes of th© distal 
portions of the blades ar© substantially parallel, and an open position, wh©r©in th© axes of the distal 
20 portions of the blades are deflected from the parallel, Pivotal movement of th© blades 222 is caused 
by a sliding pin (not shown) which is part of th© actuator rod 212, and whcch integrates with o th© 
longitudinal slot 226 present in each of th© blades. In alternate embodiments, th© blad©s can be 
located partially within th© elastically defbrmabl© stem; th© blades can be fixed to opposit© sides of the 
elastically defbrmabl© stem; or th© bladoss ran be fixed to a eoncav©, conv©x, or lateral edg© of th© 
25 elastically defbrmabl© stem. Th© pivotal connection shown is for demonstration purpos©s only, and 
any appropri ate teggl©, gear, or pivotal connection can b© us©d. 
-73- ^ C^Q Uf@ 7 ° 1 l§)§ h ews a longitudinal cross-sectional vi©w of an instrument in th© unconstrained 
"^rffigurafea Th© bSuded element 22S includes two blades, two bars, and four pSvote. A bend of 
approximate^ ©0° is pp^s©nS in th© elastically defbrmabl© stem 230. Th© actuating rod 232 is 
30 enclosed within th© ©testfe member 234. Th© movement of th© actuating rod 232 and of th© elastically 
defbrmabl© stem 230 ar© ©©eh controlled by longitudinal motion of th© proximul ©nda Opening and 
closing of th© blades is caused by reciprocal motion of th© proximal portoi of th© actuating rod 236. 
Deflection of th© elastically defbrmabl© stem 230 is caused by reciprocal mottan of th© proximal 
portion of the elastically deformable stem 238 relative to the elongate housing 240. f^cf « ( 1§ 

7 ~ 1 1b and 7 ~ 1 tejbhow cut-away top views of the instrument o^Figur© 7-1 *fwo 
^242a and 242b ar© present Two bars 244a and 244b are present A pivot 246a is present 
intermediate to the ends of the blades 242a and 242b, joining the blades and attaching th© blades to 
the elastically deformable stem 230. Two pivots 246b ar© present at th© proximal ends of the blades 
242a and 242b, where they join the distal ends of bars 244a and 244b. A pivot 246c is present at the 
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proximal end of th© bare 244a and 244b, joining the bars. Pivotal movement of the blades 242a and 
242b is caused by a sliding mofon gfthe b^ e actuating rod 232. < 4igure7-1 IjDshows the blades in a 
^j^la tjvely close d configuration, (^ure 7-IJcjshows the blades in a relatively open configuration. 
F7 c\S«13\j-|?i (figures 7-12a torou^-12.£Jhow alternate cross-sections of an elastically defbrmable stem 
5 of the instrument of ^ur<£7-j} taken through Mz^^J^ l*? M?"J 
p-a. " ^jgure 7-l2a)shows an elastic member 248 and a blade actuator rod 250 within a flexible 
material 252. The flexible material 252 describes a squared pyramid shape in cross-section. The 
elastic member 248 and the blade actuator rod 250 each comprise a strip of material which is roughly 
oval in cross-section. 

10 The use of a flexible material 252 which encloses an elastic member 248 and a blade actuator 

rod 250 permits the easy use of one or more elastic member 248 and/or blade actuator rod 250 
members which is eccentrically shaped in cross-section. Additionally, the material of th© ftexibi© 
material 252 is generally iess expensive and easier to work than the material of either th© elastic 
member 248 or th© blade actuator rod 250. The flexible material 252 can b©, for example, a flexible 
15 polymer, or a braided, coiled, segmented, hinged, or zig-zagged metal component If mad© of a 
flexible polymeric material, th© material may b® reinforced, for example, with fibers, to enable it to 
withstand the forces exerted on it by th© elastic member white it is constrained within and deformed by 
th© elongate housing. A suitable polymeric material for th© component is, for ©xampt©, 
polytetrafluoroethylen©, optionally reinforced with braided fibers. 
20 The preferred cross-sectional embodiments include th© actuator rod in or clos© to th© neutral 

plane J .e . , that plan© w hich is neither compressed nor stretched during th© bending of th© elastically 
ICi^S- aerormaWeste>k(^ures 7-12a through 7-12£ar© each labeled with a plan© z-z. representing a 
\%\ preferred neutral plan©; and with a plan® n-n, representing a preferred plan© through which the 

elastically deformabjestsffl^sad©^ p'f'O; 
25 >J Jigur© 7-1gg>h©o8 too elastic members 248 on either std© of an actuator rod 250, within a 
flexible material 252. Th® fisxibl® material 252 is a rounded rectangl© in cross-section. Th® elastic 
members 24i are reds which ar© round in cross-section, and th© blad© actuator rod 250 comprises a 
strip of roate naH which is oval in cross-section. 
l" "~r^ . [%jT ^<@Sib 7-12e)ihows two elastic members 248 on eith©r sid® of an actuator rod 250, within a 
30 flexible material 262. Th© ftexibi® material 252 has an oval cross-section. Th© ©testis m©mb©rs 248 
are square in eross-s®ction. Th© blad© actuator rod 250 is a rod which is round in cross-section. 

"g (figure 7-12d)show§ two elastic members 248 on either side of an actuator rod 250, within a 
flexible material 252. Th® flexible material 252 has an oval cross-section. Th© elastic m©mb©rs 248 
are square in cross-section. Th© blad® actuator rod 250 is a piec® which resembte© a rounded a H° in 
35 cross-section. In an alternate embodiment not shown, the blad© actuator rod includes a third elastic 
member within it and the blad© actuator rod slides freely along th© third ©lastie msmb©r. In another 
embodiment not shown, the elastic members and the actuator rod ar© held in position without th© 
action of a flexible material. In yet another embodiment the elastic member is intermediate to two 
blade actuator rods. 




O 0 

MP1359COM-US6 

^Figure 7-12g)shows an elastic member 248 and a blade actuator rod 250 within a flexible 

material 252. Th© flexible material 252 has a squared pyramid shape in cross-section. The elastic 

member 248 comprises a strip of material which is rectangular in cross-section. The blade°actuator 

rod 250 comp rises a strip of material which is round in cross-section. 

yglo C§9ure 7-12f£hows an elastic member 248. a constraining rod 254. and an actuator rod 250, 

--Wifhin a flexible material 252. The flexible material 252 has a squared cross-section. The elastic 

member 248. th© constraining rod 254, and the actuator rod 250 are each oval in cross-section. Note 

that the constraining rod is not within the neutral axis: only in the absence of the constraining rod 

does the^lasticmember 248 assume its unconstrained (bent) configuration. A configuration such as 

lO^thaTshownjn^ur® 7-7fJan be used in embodiments which do not include an elongate housing. A 

v VS^C luman 255 is pressni Th ® lumen 255 can to used, for example, to provide access for one or more 
apparatus for irrigation, aspiration, cautery, and the like. 

'^J!~^ZE?9 ure 7 " 1 3jhows a biaded element in which only on© pivoting blade 253 is mounted for 
y^^l^J^M motion. The pivoting blade 258 is biased in the open (splayed) position by a spring 258. Th© 
1 5 fixed blade 260 is mounted in a fixed position. The pivoting blad© is dosod by longitudinal motion of 
the actuator rod 262. Th© housing 264 is shown in partial cutaway view. 

Preferred embodiments of this invention include a symmetrical blad© action, so that both of 
the blades are actuated by th© manually operated mechanism and dissection, cutting, and/br grasping 
is done by symmetrical motion of th© two blades. However, in soma situations, it may be desirable to 
20 have embodiments in which on© blad© is moved more by th© manually operated mechanism than th© 
other blad®. In soma cases, it may bs desirable to hav© on© blad© function as a stationary (and 
therefor© passive) blad©. wh©r© th© manually operated mechanism moves only th© oth©r blad©. 

The blad@s of this invention can be mad© of any appropriate material. ftfletals known for 
scissor, knife, and/or forceps us© are appropriate. Stainless steel, for ©xampls, can b© used. Rigid 
25 plastics can also be used. 

One use of th© instruments of this invention involves cutting, ©.g, when one or more of the 
opposable bls&s provides a cutting edge. Th© honing of an edge to form a cutting blad© is well known 
in th© art If <feW, th© cutting blade can be serrated. The cutting edge is preferably derived from 
beveling bte^o material Kg®}?. However, it may bq desirable or necessary to provide a honed edg© of 
30 a secondary mateftel to th© blad© material. For example, a non-cutting plastic blade can be combined 
with an alloy cutting edge. A cutting surface can be provided at any desired exposed edg© of th© 

The blades can be straight, or they can be curved along their length, as shown irtjjgure " 
When curved blades are present, the curved blades are preferably mad© of an ©testss material as 

35 described above. ^ - |9-&_ _ 

v {Jigur© 7-13lbJshows a cutting blade 266 which has on© longitudinal cutting edg© 268. 
v figure 7-1 3cJhows cutting blade 266 in which the perimeter of th© blade provides the cutting • 
edge 268. V_ f = t ^ . 
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(figure £l3d]shows a blade 266 which has no cutting edges. The end portion of the blade is 



curved. 





pointed to facilitate dissection of tissues. 

(^Figure 7-1 3§ shows a blade 266 which has no cutting edges. The end portion of the blade is 

(figures 7-14a through 7^3 sKow various blade cross-sections, taken through line^4-14)of 
figure 7-1 3a^ The cutting surfaces of the blades may abut one another in the manner of wire cutters, 
or they may cross one another in the manner of shears. The grasping surfaces of the blades may 
abut one another and be sufficiently blunt to avoid cutting the object to be grasped. Alternatively, the 
grasping surfaces need not be configured so as to contact each other in the manner of cutting 
10 devices. The object being grasped need merely be entrapped between the end portions of the blades. 
The grasping^ surfaces may be ridged or contain protuberances to assist in grasping the object 

^ (figure 7-14a)shows a cross-sectional view of two opposing blades. The blades are roughly 

\T j)V 1^3, re ctangular in cross-section. The blades meet at a flattened surface, and are appropriate for grasping 
objects. ^<^2jLi33_ 
1 5 (Rgure 7-14bJhows a cross-sectional view of two opposing ridged blades. The blades are 

roughly rectangular in cross-section. The blades meet at a ridged surface, and are especially 
appropriate for grasping objects. 
l^g^T^J ^ \3j" re 7 " 1 ^c)5hows a cross-sectional view of two opposing blades in which the blades are not 
symmetrical. One blade is roughly rectangular in cross-section, while the other blade is triangular. 
20 Such a configuration is appropriate for cutting objects. 

■J (Figure 7-14dJhows a cross-sectional view of two opposing cutting blades. The blades are 
Jughly triangular in cross-section. The blades meet at a pointed cutting surface. 
^_ ^^-^^5ure 7-14e)shows a cross-sectional view of two opposing cutting blades. The blades are 
V^tfl-V^ ^roughly triangular in cross-section. The blades meet and siide along their surfaces in the manner of 
25 . shears. 

While the invention has been described in connection with specific embodiments thereof, 
those skilled in the art will recognize that various modifications are possible within the principles 
described herein. Such modifications, variations, uses, or adaptations of the invention, including such 
departures from the present disclosure as come within known or customary practice in the art, fall 
30 within the scope of the invention and of the appended claims. 
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CLAIMS 

1 . A device or apparatus for manipulating matter at an intended manipulation 
temperature in a confined or inaccessible space, comprising: 

(i) manipulator means at least partly constructed of at least one bent or twisted 
elongate shape memory alloy^membersjhaving pseudoelasticity at the intended manipulation 
temperature, and 

(ii) an impermeable barrier member spanning said alloy members); 

(iii) a hollow housing or cannula capable of initially holding at least the shape memory 
alloy member(s) in a relatively straightened state, and 

(iv) actuating means for extending theghape rromoryjalloy membeij^wwith said 
barrier member from the housing to manipulate matter within said space and for withdrawing 
the(shape memory} alloy member(s)Jinto the housing, the arrangement being such that the <*V &JL 

Ghape memory allo^embei£s)Jbend(s) or twist(s) pseudoelastically in a lateral or helical 
sense to manipulate the matter on extending from the hou^in^at said manipulation 
temperature^andjje barrier member is seaiable and thefshape rronSi^jalloy membeij 
become(sj)relatively straightened on withdrawal into the housing at said temperature. 

2. A device or apparatus according to claim 1 which is of elongate form for surgical 
manipulation of ratter within a living body, and which has the manipulator means at ittf distal 
end with the\shape memoryjalloy membe^iaving pseudoelasticity at the temperature to be 
encountered within that body, and wherein the actuating means is operable from the proximal 
end of the device. 

3. An apparatus comprising a surgical instrument for manipulating an object, said 
apparatus comprising: 

a cannula having a longitudinal bore extending therethrough; 

a member, disposed within said longitudinal bore and extendable therefrom, said 
member having, 

(i) a proximal segment and 

(ii) a distal segment coupled to said proximal segment and at least 
partially constructed of an elastic material, said distal segment assuming a first shape 
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when extended from said bore and assuming a second shape when withdrawn into 
said bore; 



a distal end structure, at a distal end of said member, including an impermeable 
barrier member spanning said distal segment for contacting said object to be£o^tuplate^ 
and 




handle means, coupled to at least one of said cannula and said member, for manually 
inserting said member through said cannula to distally extend said distal segment from said 
bore, and for withdrawing said distal segment into said bora 

6. An apparatus according to claim 3 f wherein said distal segment is constructed at least 
partially of a pseudoelastic shape memory alloy, said distal segment assuming a first shape 
when extended from said bore and its alloy is in a substantially austenitic phase, and 
assuming a second shape when withdrawn into said bore and its alloy is stressed to contain 
more martensite phase. 

7. Apparatus according to claim 3, wherein said proximal segment and said distal 
segment are of unitary construction. 

8. Apparatus according to claim 3, wherein said distal end structure and said member 
are of unitary construction. 

37. A surgical device comprising: 

(a) a housing; and 

(b) a barrier member, the barrier member comprising an elastically deformable loop, 
and an impermeable barrier membrane spanning the loop; 

(c) means for moving said barrier member between a first position wherein the 
barrier membrane is constrained within the housing, and a second position wherein the barrier 
membrane is unconstrained by the housing and assumes an expanded memory shape. 



38. A device according to claim 37 which comprises a tissue collection pouch, the tissue 
collection pouch including a mouth portion which can be substantially closed. 



In the Claims: 
^ Please add new claims 70-75. 

-70. A surgical pouch comprising: 

a bag, for use with a cannula assembly having an open end for access 
into the interior of the bag; and 

means for automatically unfurling the bag when furled around a 
cannula wherein the means for automatically unfurling the bag comprises a 
shape memory effect metal insert mounted in the surgical bag. 

71. The surgical pouch of claim 70 wherein the shape memory effect 
metal comprises Nitinol. 



72. A surgical pouch comprising: 

a bag having an open end for access into the interior of the bag; and 
means for automatically opening the open end of the bag wherein the 

means for opening the open end of the bag comprises a shape memory 

effect metal loop mounted to the open end of the bag. 

73. The surgical pouch of claim 72 wherein the shape memory effect 
metal comprises Nitinol. 

74. A surgical pouch comprising; 

a bag, for use with a cannula assembly having an open end for access 
into the interior of the bag; 

means for automatically opening the open end and unfurling the bag 
wherein the means comprises a shape memory effect metal insert mounted 
in the surgical bag. 



75. The surgical pouch of claim 74 wherein the shape memory effect 
metal comprises Nitinol.- 
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48. A collapsible surgical stone basket disposed within a sheath, comprising means for 
expandably deploying said basket from said sheath, the basket consisting mainly of a shape 
memory alloy and having an impermeable barrier member spanning said shape memory alloy. 

50. A remotely operated surgical device comprising: 

(a) an elongate housing; 

(b) a retractor, the retractor comprising at least one elastically deforrrwfcle^p>^crf ^ 
is spanned by an impermeable membrarie.jpr wherein at least one impermeable membrane 
spans an area between two toope. or wherein the retractor comprises at least one finger- 
shaped member spanned by an impermeable membrane, or wherein an impermeable 
membrane spans an area between two finger-shaped members^nd 

(c) means for projecting and retracting the retractor relative to the housing between a * 
first position wherein the retractor is constrained within the housing, and a second position 
wherein the retractor is unconstrained by the housing and assumes an expanded memory 
shape. 

51. A device according to claim 50 which comprises an endoscopic device, a catheter, or 
a laparoscopic device. 

63 ' ^ /S^ffSf^ff^ to dB,m 3 wherein thegtostfcally deferrable member*,) 
is(arejjcomposed of shape memory alloy under the intended conditions of use. 

vArDapparatus according to claimfl] wherein mefshape memory alloy members 
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composed o# nickeWttanium shape memory alloy 



65. An apparatus according to claim 3. wherein the elastk^mbe^s) is (are?composed 
of shape memory alloy, said shape memory alloy assumes a first shape in a substantially 
austenitic phase when extended from the housing or cannula, and assumes a second shape 
containing more martensitic phase when withdrawn into the housing or cannula. * 

66. A device according to claim 41 including means for indicating the orientation of the 
elastically deformable loop when extended from the housing. 

67. A device according to claim 41, including means for preventing elastically deformable 
loop from rotating within the housing or cannula. 
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68. A device or apparatus according to claim 3 suitable for use as a surgical instrument 

69. An apparatus according to claim 1 , further comprising a drawstring for sealing the 
barrier member. 




Please £y £ 76=79 as follows. O 
~ 76 ' ^ "WW"™ according to claim 50 wherein said at least one elasticaliy 
deformable member comprises as least one loop. 

77. Aa apparatus according to claim 50 wherein said at least one emu^iy . 
deformans member comprises at least one finger-shaped member. 

78. A surgical apparatus for removing body tissue from an interior portion of a body 
in a minimally invasive surgical procedure, which comprises: 

a) an endoscopic portion having a longitudinally extending bore and configured 
and dimensioned to be at least partially insertable through a cannula; 

b) a pouch assembly movable between a proximal location at least partially 
within said endoscopic portion and a distal location at least partially exterior 
to said endoscopic portion, said pouch assembly including a support and a 
pouch removably attached to said support, said pouch having a first end 
movable between an open configuration and a closed configuration, and a 
closed second end; 

c) a drive member slidably disposed withia said bore for moving said poucir 
frora said proximal location to said distal location said support being attached 
to a distal end of said drive member; 

d) means associated with said pouch for detaching said pouch from said support; 

e) closing means for moving said first end of said pouea from said ope® 
configuratioa to said closed coafiguratioa; aad 

0 gaseous seal mesas for preventing passage of fluid or gases through said 
apparatus. 

79. A surgical apparatus for removing tissue from, a® iaterioir portaoa of a body 
ag a surgical prosedus© which comprises: 

a) aa eloagated tube havsag a longitudinally exteadiag bos© exteadiag 



> p pK£®.a^!esablly movable I 
watofiiai bos© assdl a sesoad positioa at least p&rtMy exterior to the hois, the 
psasgih assembly iadudiag: 



a pouch removably attached to the support member the potash haviag a fissg 
ead biased iato aa opea configuratioa by the suppose membs? m& movable 
betweea the opsa configuratioa and a closed coafigisaga®®, sad a closed 



c) a drive member slidably disposed withia the bore for moviag the ponash from 
the first positioa to the second positioa, the supposS membs? beiag attaehed to 
the drive member at one end; and 

d) a closing member operatively associated with the pousfe, 

whereia actuation of the closing member moves the first end of the pouch from 
the open configuration to the closed configuratioa while detaching the pouch 
from the support member.— 
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ABSTRACT 



The present invention accordingly provides a device or apparatus for manipulating matter in a 
confined or inaccessible space, comprising manipulator means at least partly constructed of 
one or more bent or twisted elongate shape memory alloy members having pseudoelasticity 
at the intended manipulation temperature, and a hollow housing (preferably of elongate 
tubular form) or cannula capable of holding at least the shape memory alloy member(s) in a 
relatively straightened state, and actuating means for extending the shape memory alloy 
members) from the housing to manipulate matter within the said space and for withdrawing 
the shape memory alloy members) into the housing, the arrangement being such that the 
shape-memory alloy members) bend(s) or twist(s) pseudoelastically in a lateral or helical 
sense to manipulate the matter on extending from the housing at the said manipulation " 
temperature, and become(s) relatively straightened on withdrawal into the housing at the said 
temperature. 

Preferably the invention provides such a device or apparatus which is of elongate 
form for surgical manipulation of matter within a living body, and which has the manipulator 
means at its distal end with the shape memory alloy members) having pseudoelasticity at the 
temperature to be encountered within that body, and wherein the actuating means is operable 
from the proximal end of the device. 



